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Executive Summary 

EXECUTIVE SUMMARY 

This Nuclear Safety Technical Report (NSTR) identifies and evaluates hazarddenergy 
sources, and postulates accident scenarios associated with Rocky Mountain Remediation Senices 
(RMRS) Waste Management Operations performed at the Rocky Flats Environmental 
Technology Site (RFETS) in Golden, Colorado. The purpose of this NSTR is to iden* and 
analyze representative accident scenarios that are applicable during specific “activity modules” 
and are not necessarily bounding for all waste management facilities/activities. Activity modules 
are groupings of common sub-activities and include (1) waste storage and handling, (2) waste 
characterization - chemical, (3) waste characterization - radiological, (4) waste repackaging and 
treatment, ( 5 )  waste generation, and (6) routine activities. 

An activity based hazards identification and evaluation of RMRS waste management 
facilities was performed to iden*, evaluate, and control hazards associated with waste container 
receipt, storage or staging, transfer and shipping operations. The hazard identification process 
identified 45hazards or energy sources present in waste management facilities. Of these, 
23 hazards or energy sources were determined to be strmdard indistrial hazards that are 
controlled by the Site Safety Management Programs (SMPs) and do not require further 
evaluation. For the remaining 22 hazarddenergy sources, the hazard evaluation process 
determined how each of the hazards or energy sources could lead to a release of hazardous 
material. The process identified twelve accident scenarios leading to releases due to failures of 
waste containers or confinement enclosures: 

0 Fire Scenario 1 - 1 Mega Watt (MW) Waste Container Fire 
0 Fire Scenario 2 - 4 M W  Waste Container Fire 
0 Fire Scenario 3 - Small Fire in Repackaging Confinement Enclosure 
0 Spill Scenario 1 - Container DropEall 
0 Spill Scenario 2 - Container Puncture (forklift) 

Spill Scenario 3 - Container Puncture (compressed gas cylinder missile) 
Spill Scenario 4 - Breach of Bagged Waste 

0 Explosion Scenario 1 - TRU Waste Container 
Explosion Scenario 2 - External Explosion in Waste Storage Area 

0 Natural Phenomena Hazard (NPH) Scenario 1 - Design Basis Earthquake @BE) Event 
0 NFH Scenario 2 - Beyond Design Basis Earthquake (BDBE) Event 

Aircraft Crash Scenario 1 - Spill and Fire 

These accident scenarios were further refined considering activity modules, container type 
(e.g., SNM Type B shipping containers, POCs, TRU waste containers, and metal LLW 
containers), confinement (e.g., glovebox, Perma-Con, contamination cell, etc.), waste type 
(e.g., LLW, TRU), specific release mechanism, material-at-risk (MAR) quantity (based on 
container limits), and damage ratio (based on accident progression). This process resulted in the 
identification of the most representative cases to further analyze. Table 1 provides a summary of 
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Executive Summarv 

the repesentative scenarios including the scenario title, analysis assumptions, scenario frequency, 
and radiological dose consequences and risk to the public and collocated worker. 

The evaluation of representative accident scenarios summatized in Table 1 provides a 
standkdized safety analysis that can be referenced in future revisions to existing Nuclear, Hazard 
Category 2 and 3 (HC-2, HC-3) waste management facility AB documents as well as during the 
development of new HC-2 or HC-3 facility AB documents. The safety analysis in this NSTR 
provides (1) standardized accident scenario descxiptions, progressions, and initial condition 
assumptions; (2) consistent selection, application, and bases of modeling parameters such as 
scenario type, material-at-risk (MAR), damage ratio (DR), airborne release fiaction (ARF), dose 
conversion factor (DCF), and respirable fraction (RF); (3) a logical identification of controls that 
can be credited to reduce accident scenario fi-equencies and/or consequences, and (4) dicussion of 
control set vulnerability. 

It is intended that new and existing facility-specific AB documents will reference this 
NSTR to the West  extent possible, noting only those analysis differences that change the results 
provided herein. Facility-specific AB documents can utilize this NSTR to (1) select applicable 
representative accident scenarios that will become the “bounding scenarios” for the subject 
facility; (2) identify facility-specific differences that affect NSTR analysis results (e.g., MOI 
distance, waste storage quantity and configuration, facility layout and construction, etc.); 
(3) determine accident fiequencies, consequences, and risk classes based on the facility-specific 
differences; (4) select applicable control requirements; ( 5 )  determine and evaluate “risk dominant” 
accident scenarios; and (6) discuss facility-specific control set vulnerabilities. 

This NSTR does not provide rationale for the acceptability of the results presented in 
Table 1. However, the accident analyses that follow require certain preventive and mitigative 
controls. These controls are developed in the Waste Mrmagement Facilities TechnicaI Safety 
Requirements, provided as a stand-alone document with applicability to individual RMRS waste 
management facilities. The TSRs include Limiting Conditions for Operation &COS) and 
Administrative Controls (ACs). ACs include specific controlshestrictions (i. e., the administrative 
equivalent of a hardware requirement) that provide a reduction in postulated accident scenario 
initiation frequency and/or a reduction in postulated accident scenario consequences. Specific 
program elements of SMPs that are relied on, as identified in the safety analysis, will be specified 
in the Safely Management Programs chapters of individual facility AB documents. 

Revision0 
1 QJ99 

ii NSTR-006-99 
RMRsWasteManagemartFacilities 



Executive Summary 

Rocky Mountain 
Remediation Services, L.L.C . . . pmtecting the envitvnment r 

Table 1 Waste Management Facility Representative Accident Scenario Results 
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NPH SCENARIO 1 - DBE EVENT 

CASE A Medium Construction Facility 

CASE B: Substantial Construction Facility 

NPH SCENARIO 2 - BDBE EVENT 

CASE A Light Construction Facility 

CASE B: Medium Construction Facility (falling debris) 

CASE B: Medium Construction Facility (toppling) 

CASE B: Medium Construction Facility - 

CASE C: Substantial Construction Facility (falling debris) 
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QIRCRAFT CRASH SCENARIO 1 - SPILL AND FIRE 

CASE A LLW Dnuns 

CASE A: TOTAL 

CASE B: TRU Wwte Drums 

CASE B: TOTAL 

CASE C: POCs 

CASE C: TOTAL 

Table 1 Waste Management Facility Representative Accident Scenario Results 
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1. 
2. 

When " B  is annotated in the Solubility Class - DCF column a blended DCF was use to model the scenario. The blended DCF for LLW is 3.07E+@7 r d g - m i x  and the blended DCF for TRU waste is 3.04E+07 remlg-mix. 
For Aircraft Crash Scenario 1 - Spill and Fire, the radiological dose consequences for the MOI due to the lofted firc portion of the table. is for the MOI at 4,200 m due to lofting. 
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Introduction 

1. INTRODUCTION 

1.1 PURPOSE 

This Nuclear Safety Technical Report (NSTR) identifies and evaluates hazarddenergy 
sources, and postulates accident scenarios associated with Rocky Mountain Remediation Services 
(RMRS) Waste Management Operations performed at the Rocky Flats Environmental 
Technology Site WETS) in Golden, Colorado. The purpose of this NSTR is to iden@ and 
analyze remesentative accident scenarios that are applicable during specific “activity modules” 
and are not necessarily bounding for all waste management facilitiedactivities. Activity modules 
are groupings of common sub-activities and include (1) waste storage and handling, (2) waste 
characterization - chemical, (3) waste characterization - radiological, (4) waste repackaging and 
treatment, ( 5 )  waste generation, and (6) routine activities. Activity modules and associated 
sub-activities are M e r  discussed in Section 1.4. 

Evaluation of representative accident scenarios provides a standardized safety analysis that 
can be referenced in future revisions to existing Nuclear, Hazard Category 2 and 3 (HC-2, HC-3) 
waste management facility AB documents as well as during the development of new HC-2 or 
HC-3 facility AB documents. The safety analysis in this NSTR provides (1) standardized accident 
scenario descriptions, progressions, and initial condition assumptions; (2) consistent selection, 
application, and bases of modeling parameters such as scenario type, material-at-risk (MAR), 
damage ratio (DR), airborne release fraction (ARF), dose conversion factor (DCF), and respirable 
fraction (RF); (3)a logical identification of controls that can be credited to reduce accident 
scenario frequencies and/or consequences; and (4) dicussion of control set vulnerability. 

It is intended that new and existing facility-specific AB documents will reference this 
NSTR to the Mest extent possible, noting only those analysis differences that change the results 
provided herein. Facility-specific AB documents can utilize this NSTR to (1) select applicable 
representative accident scenarios that will become the “bounding scenarios” for the subject 
facility; (2) iden* facility-specific differences that affect NSTR analysis results (e.g., MOI 
distance, waste storage quantity and configuration, facility layout and construction, etc.); 
(3) determine accident fi-equencies, consequences, and risk classes based on the facility-specific 
differences; (4) select applicable control requirements; ( 5 )  determine and evaluate “risk dominant” 
accident scenarios; and (6)  discuss facility-specific control set vulnerabilities. 

The organization of this NSTR includes the following chapters: 

Chapter 1 Introduction: Discusses the purposeheed for this NSTR, identifies waste types, 
container types, confinement enclosures, facilities, and activity modules addressed 
in the safety analysis. 
Hazard and Accident Analysis Introduction: Introduces the nuclear safety hazard 
identification and evaluation process as it applies to RMRS waste management 
facilitieslactivitiy modules. 

Chapter 3 Reaukements: Identifies standards, regulations, and DOE Orders that were 
reviewed in support of the development of this NSTR 

Chapter 2 
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Chapter 4 

Chapter 5 

Chapter 6 

chapter 7 

Chapter 8 

Chapter 9 

Chapter 10 

Chapter 11 

Chapter 12 

Chapter 13 

Chapter 14 

Chapter 15 

Methodolom: Describes the hazards and accident analysis processes used to 
determine representative accident scenarios that are hrther evaluated in 
subsequent chapters. 

Hazard Identification and DescriDtion: Identifies and describes the hazardslenergy 
sources that may contribute to a radiological andor toxicological release. Includes 
a general hazard identification checklist and a hazard description su~ll~lliiry table. 

Hazard Evaluation and Selection of Accident Scenarios Requiring Further Analvsis: 
Evaluates hazards not categorized as st&d industrial hazards, and postulates 
how such hazards can lead to radiologicdtoxicological releases due to waste 
container failures or confinement enclosure failures (e.g., glovebox, Perma-Con, 
contamination cell, etc.). Identifies accident scenarios requiring further analysis. 

Accident Analvsis Process: Describes the accident analysis process as applied to 
accident scenarios requiring further analysis that were carried forward fkom 
Chapter 6. Includes sections that address accident scenario discussion format and 
accident scenario summary format. 

Storage and Handling (SH) Accident Analvsis: Presents the accident analysis of 
fire, spill, NPH and explosion scenarios associated with waste management facility 
SH activities. 

Waste Characterization - Chemical (CC) Accident Analvsis: Presents the accident 
analysis of fire, spill, and explosion scenarios associated with waste management 
facility CC activities. This chapter will be completed in a fbture revision to this 
NSTR 
Waste Characterization - Radiologjcal (CR) Accident Analvsis: Presents the 
accident analysis of fire, spill, and explosion scenarios associated with waste 
management facility CR activities. This chapter will be completed in a future 
revision to this NSTR. 

ReDackaghg and Treatment IRT) Accident Analysis: Presents the accident analysis 
of fire and spill scenarios associated with waste management facility RT activities. 

Waste Generation (GN) Accident Analvsis: Presents the accident analysis of fire, 
spill, and explosion scenarios associated with waste management facility GN 
activities. This chapter will be completed in a fbture revision to this NSTR 

Routine Activities (RA! Accident Analvsis: Presents the accident analysis of spill 
and facility explosion scenarios associated with waste management facility RA 
activities. 

Derivation of Technical Safetv Requirements: Explains how the Wmte 
Management Facilities Technical Safety Requirements (Ref 1) were developed 
fiom the hazard identificatiodevaluation and accident analysis processes and 
discusses the control types used. 

References: Provides a list of references cited throughout the NSTR 
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Introduction 

1.2 SCOPE 

The RMRS waste management facilities within the scope of this safety analysis include: 

0 Building440 0 Building569 Building 664 Complex 

0 Building666 0 750/904 Pads 0 Building906 

0 Building 991 Complex 0 RCRA Storage Units 

This NSTR demonstrates understanding and adequate control of potential hazards 
associated with the above listed RMRS waste management facilities and their associated waste 
management operations and activities. Definitions and descriptions of the various waste types, 
container types, and waste management facilities are briefly discussed in the following sections to 
facilitate a better understanding of the safety analysis. Waste management activities are also 
described and were grouped by combining common sub-activities based on individual activity 
descriptions (e.g., storage, characterization, repackaging, generation, etc.), waste type 
(e.g. transuranic (TRU), low level (LL), hazardous (HAZ)), and whether primary confinement is 
breached under normal operating conditions .(e.g., repackaging requires breaching the waste 
container, storage does not). Information pertaining to Site characteristics necessary for 
understanding the facility environments are addressed in the Site Safety Analysis Report 
(Site SAR) (Ref 2). The Site S A R  addresses such items as Site description, environmental 
description, natural phenomena threats, external man-made threats, nearby facilities, and validity 
of existing environmental analyses. a - 
1.3 DEFINITIONS AND DESCRIPTIONS 

This section presents a set of defitions and descriptions of waste types and waste 
containers pertinent to this NSTR. It also provides a brief synopsis of those waste operations 
facilities, their associated waste management activities, and waste facility interfaces covered by 
this NSTR It is intended to provide an overview of the waste operations facilities whose 
activities are subsequently analyzed in the hazard and accident analyses. The facility descriptions 
provide the reader with Sonnation helpll to understanding the scope of the safety analysis and 
derivation of the Technical Safety Requirements (TSRs) presented in this NSTR 

1.3.1 Waste Types 

Hazardous Waste (HAZ) 

Hazardous (HAZ) waste is that waste having hazardous Environmental Protection 
Agency codes for ignitability, corrosivity, reactivity, and metals assigned, but which has no 
radioactive component. HAZ waste was generated from routine production and production 
support activities and will continue to be generated during decommissioning and decontamination 
(D & D) and environmental remediation activities. Hazardous waste is stored in Buildings 440, 
569, 664 and 906, the 750/904 Pads, and in the Resource Conservation and Recovery Act 
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Toxic Substances Control Act (TSCA) Waste 

Toxic Substances Control Act (TSCA) waste is that waste contaminated with 
polychlorinated biphenyls (PCBs) and asbestos. There are four types of TSCA waste associated 
with RFETS, (a) non-radioactive, non-fiiable asbestos waste, (b) radioactively-contaminated 
asbestos waste, (c) waste contaminated with PCBs, and (d) radioactive waste contaminated with 
PCBs. TSCA waste is stored in Buildings 440 and 666. 

Low Level CLL) Waste 

Low level (LL) waste is that waste contaminated with a radioactive constituents that 
remain below 100 nanocuries per gram (nCi/g) and has no hazardous Environmental Protection 
Agency codes for ignitability, conrosivity, reactivity, or metals assigned, or is a listed waste. LL 
waste was generated fiom routine production and production support activities and will continue 
to be generated during decommissioning and decontamination (D & D) activities. LL .waste is 
stored in Buildings 440,569,664,906, and 991, the 750/904 Pads, and in the RCRA Units. 

Low Level Mixed CLM) Waste 

Low level Mixed (LLM) waste is that waste contaminated with a radioactive constituents 
that remain below 100 nanocuries per gram (nCi/g) activity and also has hazardous Environmental 
Protection Agency codes for ignitability, corrosivity, reactivity7 or metals assigned, or is a listed 
waste. LLM waste was generated from routine production and production support activities and 
will continue to be generated during decommissioning and decontamination (D & D) activities. 
LLM waste is stored in Buildings 440, 569, 664, 906, and 991, the 750/904 Pads, and in the 
RCRA Units. 

Transuranic [TRU Waste 

Transuranic (TRU) waste is that waste contaminated witb a radioactive constituents that 
are at or above 100 nanocuries per gram (nCi/g) and has no hazardous Environmental Protection 
Agency codes for ignitability, C O K O S ~ V ~ ~ ~ ,  reactivity, or metals assigned, or is a listed waste TRU 
waste was generated fiom routine production and production support activities and will continue 
to be generated during decommissioning and decontamination (D & D) activities. TRU waste is 
stored in Buildings 440,569,664, and 991, the 750/904 Pads, and in the RCRA Units. 

Transuranic Mixed (TRM) Waste 

Transuranic mixed (TRM) waste is that waste contaminated with a radioactive 
constituents that are at or above 100 nanocuries per gram (nCi/g) activity and also has hazardous 
Environmental Protection Agency codes for ignitability, corrosivity, reactivity, or metals assigned, 
or is a listed waste. TRM waste was generated from routine production and production support 
activities and will continue to be generated during decommissioning and decontamination 
(D & D) activities. TRM waste is stored in Buildings 440, 569, 664, and 991, the 750/904 Pads, 
and in the RCRA Units. 

Revision 0 
10199 

14 NSTR-006-99 
RMRSWasteManagementFacilities 



Introduction 

Cateaorv I/II SDecial Nuclear Material 

Category I and I1 Special Nuclear Material (SNM) quantities of plutonium, uranium, and 
americium metals and oxides are staged in Type B DOT containers in Building 991. The 
Category I and II SNM is compliant with 1-W89-HSP-3 1.1 1, onsite transportation procedures, 
and DOT procedures limiting the amount of known pyrophoric material. 

1.3.2 Waste Container Types 

The waste container types used for packaging and storing radiological and chemical 
wastes in waste management facilities are listed in Table 1-1 and are described in greater detail 
below. The On-Site Transportation of Hazardous and Radioactive Materials Manual (Ref 3) 
contains the specifications for all of the waste containers used onsite except SWBs, which are 
procured from the Waste Isolation Pilot Plant (WIPP) in accordance with their specifications. 

10-gallon Drums 

10-gallon drums (DOT Specification 6C container) are metal containers that may have a 
cylindrical spacer, an inner container, and two (2) stainless steel Volrath cans with bolted lids. 
The 1 0-gallon drums may contain non-radioactively contaminated hazardous chemical wastes. 

3 0 - d o n  Drums 

30-gallon drums (DOT Specification 17H container per 49 CFR 178.354) are metal drums 
having Celotex TM insulation and may have gasket, inner fiberboard boxes, poly vinyl chloride 
(PVC) plastic bags, or vials. 30-gdon drums may contain one (1) or two (2) inner stainless steel 
containment vessels, each having a bolted lid. When assembled and filled as specified, a 3O-gdon 
drum is a DOT Type B container (DOT 6M specification). 

3 5-gallon Drums 

35-gallon drums are Sizing and Reduction Facility ( S A l W )  drums (DOT Specification 17C 
containers per 49 CFR 178.1 15) used for TRU waste. 35-gallon metal drums may have a metal 
closure ring, a drum gasket, two (2) PVC liners or glovebox bags, a fiberboard liner, and a carbon 
filter in the drum lid. 

55-gdon Drums 

55-gallon drums (DOT Specification 17C containers per 49 CFR 178.115) are DOT 
Specification 7A Type A packages meeting the requirements and restrictions outlined in 49 CFR 
173.411, 49 CFR 173.412 and 49 CFR 173.350. 55-gdon drums are of steel-welded 
construction with a metal closure ring, polyethylene rigid liner, PVC or plastic bottom liner, drum 
gasket, and a carbon filter in the drum lid. 55-gallon drums are white epoxy painted. Maximum 
gross weight capacity: 800 pounds. Up to fourteen (14) 55-gdon drums may be loaded into a 
TRUPACT 11 container. Three (3) TRUPACT 11 containers are normally transported on a 
TRUPACT 11 Transporter Trailer, a modified flatbed truck. 
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82 gallon Ovemack Container 

Waste drums with either suspect or verified integrity codonmince problems are placed 
into 82-gallon polyethylene drum overpack containers to contain contamination before placement 
into storage arrays. 

TRUPACT 11 Metal Standard Waste Boxes 

TRUPACT II cormgated steel Standard Waste Boxes (SWB), metal Sandia (“SAND”) 
Boxes (both DOT Specification 32B containers per 49 CFR 178.147, 178.350), are DOT Type A 
packages meeting the requirements and restrictions outlined in 49 CFR 173.41 1,49 CFR 173.412 
and 49 CFR 173.350. “SAND” boxes are constructed of steel with a fiberboard liner, a PVC 
liner, and a carbon filter. SWBs are of low-carbon steel construction with a gasketed steel lid, 
and one (1) filter vent. Two (2) SWBs may be loaded into a TRUPACT 11 container. Three (3) 
TRUPACT 11 containers are normaJly transported on a TRUPACT II Transporter Trailer, a 
modified flatbed truck. 

Plvwood Crates 

Flush-panel plywood boxes are *‘strong outer package” containers and liners (properly 
assembled) used for exclusive-use common carrier shipments of Low Specific Activity (LSA) 
waste materials, as allowed by 49 CFR 173.24, 173.425@). These 111 and half crate containers 
may have PVC liners, or fiberboard liners and are used for HAZ, LL, and LLM wastes, which fall 
under the category of LSA materials as defhed in 49 CFR 173.403(n). The plywood crates may 
be required to be painted white (per Underwriters Laboratory m] Class A fire retardancy). 
Maximum gross weight capacities: fbll crate: 5000 pounds; half-crate: 5000 pounds. [Note: the 
hazard and accident analysis in this NSTR does not presently address the use of wooden waste 
crates.] 

I C  
1. 
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0 MetalBoxes 

The M-, I-, and V-boxes are fabricated using sheet metal with welded seams. The 
M-boxes are constructed of corrugated sheet metal and have fiberglass lids; the I- and V-boxes 
have metal lids. 

e M-BOX 

M-Boxes are metal containers fabricated from corrugated sheet metal with welded 
seams and a fiberglass lid. Maximum gross weight capacity: 6000 pounds. 

I-BOX 

I-Boxes are metal containers fabricated from corrugated sheet metal with welded 
seams and a metal lid. Maximum gross weight capacity: 3000 pounds. 

V-BOX 

V-Boxes are metal containers fabricated from corrugated sheet metal with welded 
seams and a metal lid. Maximum gross weight capacity: 3000 pounds. 

Triwall Boxes 

Triwall boxes meatwing 39.5 in x 39.5 in x 22 in (20 ft3) are used to store Pondcrete and 
Saltmete waste and are overpacked in metal boxes. A triwd box is a corrugated fiberboard 
package consisting of a triple-wall body, outer and inner caps, a PVC liner, ,and nonmetallic 
strapping. Because of deterioration and to maintain contamination and inventory control, most 
triwd boxes are double-wrapped with plastic sheet material and stored in M-, I-, and V-boxes. 
Maximum gross weight capacity: 2000 pounds. 

0 

P-2 Metal Box 

The Ip-2 containers are welded metal, top-loading waste containers with skids, gasket, 
and a carbon filter vent. The IP-2 containers have welded inserts to allow lid removal and 
replacement by forklift. Both the fidl and half size, white epoxy-painted, IP-2 containers meet 
DOT 49 CFR 173.411, 173.410, 173.465, and 173.461 requirements. IP-2 containers have 
replaced wooden waste crates at RFETS. Maximum gross weight capacity: 11l: 6000 pounds; 
half: 6000 pounds. 

PiDe Overpack Containers fPOCs) 

The POC consists of a sealed pipe component (Schedule 40 pipe with 6-inch diameter or 
Schedule 20 pipe with 12-inch diameter, 25 inches long), contained within a Type 17C %-gallon 
drum. The pipe component is separated from the drum by fiberboard packing material and a 
plastic liner. The lids of both the drum and the pipe component have filtered vents. The POC 
qualifies as a TypeA package. Waste will not be placed directly into the pipes. Rather, the 
waste will be placed in secondary containers, which will then be placed in the pipes. The 
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secondary containers are not credited for mitigating a release. The POC does not q@ as a 
Type B container because it was not subjected to the complete Type B protocol testing program. 

ATMX and Yard Cako Containers 

Two types of cargo containers are used effectively as pallets with sides and tops for 
container management purposes. ATMX cargo containers are 8ft x 8ft x 20ft. Yard cargo 
containers are typically 8ft x 8ft x 20ft or 8ft x 8ft x 4Oft. The ATMX cargo container can be 
used for storing TRU or LL waste. Yard cargo containers are used for yard storage of LL waste. 

275 gallon and 10.000 gallon Waste Storage Tanks 

The 10,000-gallon tanks are used as primary storage of LLM Solar Pond Sludge on the 750 
Pads. Sludges will be transferred to the 275-gallon tanks described below prior to onsite 
treatment or shipment offsite for treatmenddisposal. The 10,000-gallon tanks consist of an inner 
primary tank with a diameter of approximately 13.5 ft and an outer tank with a diameter of 
approximately 14 ft. The outer tank has no lid. Leak detection capability for leaks fiom the pr;marY 
tank into the SeCondiiIy tank is provided. Each tank set has a maximum nominal capacity of 11,500 
gallons and a nominal working volume of 10,000 gallons. 

The 275-gallon tanks are used to store LLM Solar Pond Sludge on the 750 Pads pending 
either onsite treatment or shipment to an offsite waste treatment/disposal site. The 275-gallon 
tanks are constructed of rigid plastic and meet United Nations O D e p a r t m e n t  of 
Transportation (DOT) certifications: Packing Groups 11 & El, 31H2 & 3 1HH2 (HM-181E). The 
cylindrical 46 inch diameter x 54 inch tall tanks rest on fitted polyethylene pallets and they are 
approved by the Onsite Transportation Committee for onsite transfer. Secondary containment is 
provided by catch basins in accordance with the RFETS RCRA Permit. 

HEPA Filter Shiuuing Container 

HEPA Filter Shipping Containers (filter coffin) are constructed of welded stainless steel 
and have a carbon composite filter. The package is used to transport used HEPA filters onsite for 
repackaging and disposal. 

Sample Transfer Containers 

One (1)-gallon (paint can), 12-gallon and 54-gallon sample transfer containers (coolers) 
are used to transfer waste samples in polyethylene or glass vials to on-site laboratories for 
analytical testing. Sample transfer containers may be Volrath cans and may contain vermiculite 
ab sorbent. 

Revision0 
10199 

1-8 NSTR-006-99 
R I G S  WasteManagmentFacilities 



Introduction 

~~~ 

30-gallon drums 
35-gallon drums 

Table 1-1 Waste C o n h e r  Types 

4 f e  
5d 

- -  

55-gallon drums 

82-gallon drum, 

I I “non-radioactive containerB1 I 

7.4 2 “drum” 
11 d “overpack” 

TRTPACT lI Metal Standard Waste 
Boxes (2ft x 4ft x 7ft) 
Metal Sandia boxes (4ft x 4ft x 7ft) 

“ERW drum” 
“ S A R F  drum” 

67 d 

112 fe 

“metal box” , “IP2, full” 
~ “metalbox”, “IP2, half’ 

“SWB” I 
“ S A N  box“ 

~~ 

Plywood Strong Outer Package 
0 Full (4ft x 4ft x 7ft) 
0 Half(2ft x 4ft x 7ft) 
Metal Boxes 
0 M-Box(48inx 48inx 8 4 h )  
0 V-Box(62inx 62inx 5 0 h )  

I-Box(88inx47inx40in) 

112 d 
56 ft? 

111 fe 
95 d 
95 d 

IP-2 Metal Box 
0 Full (4ft x 4ft x 7ft) 

Half(2ft x 4A x 7ft) 0 

67 fe 
112 fe 

“full crate” 

“halfcrate 

“metal box” 
“metal box” 
“metal box” 

~ 

Pipe Overpack Containers (6 in x 25 
iq12inx25in)  
Atomic Materials Rail Transport 
Yard Cargo Containers 
0 SftxSftx20ft 
0 8ftxSftx40ft) 

0.43 ft3, 1.7fe 

1280 ft? 
2560 ft? 

”POC“, 

“A’I”, ‘‘ yard cargo” 

“ATMX”, “ yard cargo” 

275 gallon and 10,000 gallon Waste 
Storage Tanks. 37 d ,  1537 ft3 ‘ b m e  storage tank” I 

Note: On-site sampling transfer containers and HEPA filter shipping containers are also utilized 
during RMRS Waste Management Facilities operations. 
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1.3.3 Waste Management Facility Confinement Enclosures 

Waste management repackaging and treatment (RT) activities, as defined in Section 1.4.4, 
are typically performed in unique special confinement enclosures that control contamination and 
assure safe operation as described below. Waste types typically processed in the operating 
confinement enclosures are also presented. Ancillary supporting systems and features necessary 
for safe operation are described. 

Building Confinement 

The waste management facility and its structure protect the operations inside and the 
Waste management workers performing the operations from inclement weather conditions. 

facilities meet at least PC-2 wind and seismic loading design requirements. 

Repackaging and Treatment Confinement Area 

An RT, or building, confinement area separates the RT operation fiom other operations in 
the waste facility. The RT confinement is assumed to protect the RT operation fiom building 
debris generated by a beyond-PC-2 seismic event. 

ReDacka&g; and Treatment Confinement Enclosure 

An RT confinement enclosure can be used for both LLkLM and TRU/TRM waste. An 
RT confinement enclosure is an enclosure within the RT confinement area where non-conforming 
wastes are removed and repackaged via placement into drums, metal boxes, or SWBs for return 
to waste storage or shipment offsite. Inspection and sampling of LLLLM and TRUITRM waste 
can be performed during RT operations. Various types of non-thermal LLM waste treatment 
(e.g., stabilization, neutralization, etc) to Land Disposal Restriction (LDR) requirements may be 
performed. TRU/TRM metal waste container filter vent replacement can be performed. Types of 
RT confinement enclosures, per waste type usage, include: 

Glovebox 

A glovebox inside the RT confinement provides an enclosure where both LLLLM 
and TRUERM waste is repackaged. Currently7 only LLLLM waste can be treated in a 
glovebox. Site closure planning does includdallow onsite treatment of TRM waste. A 
controlled HEPA-filtered airflow in the glovebox acts to mitigate contamination releases. 
A glovebox has an integral fire suppression system in addition to the waste building’s fire 
suppression system. 

Contamination-Cell 

A contamination-cell (C-cell) inside the RT confinement provides an enclosure 
where waste is repackaged or treated. A controlled airflow in the C-cell acts to mitigate 
any contamination releases. A C-cell does not necessarily have an integrated fire 
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suppression system and may rely on the waste building’s fire suppression system. Only 
LLLLM waste may be repackaged or treated in a C-cell. 

Perma-Con 

A Perma-Con is a modular confinement enclosure constructed of interlocking 
metal panels where waste containers are opened, prepared for repackaging, repackaged, 
and waste can be treated to LDR requirements. A Perma-Con is equipped with HEPA 
atration to mitigate contamination releases. A Perma-Con is used for LLLLM waste 
only. Perma-Cons typically do not have fire suppression systems and typically are not 
protected by building fire suppression systems. 

Glovebag 

A glovebag is a plastic bag attachment to allow contamination confinement during 
the various RT operations (e.g., inspection, sorting, sampling, repackaging, treatment, 
etc.) using 55-gallon drums. 

Ventilation System 

The RT confinement will have a ventilation system that ensures that all air leaving the 
repackaging and treatment confinement enclosure passes through at least one (1) stage of HEPA 
filters. However, the single stage HEPA is not tested to a 10” removal efficiency for LLW 
applications. The ventilation system for the repackaging confinement provides two (2) barriers 
for the control of loose contamination. The confinement enclosures provide the primary barrier 
while the repackaging confinement provides the secondary barrier. 

Fire Suupression and A l m  Annunciation System 

The RT confinement, where present, will be connected to the building’s automatic 
building fire suppression system. Additionally, an automatic confinement enclosure fire 
suppression system with a fire a l m  annunciation signal is provided for some RT confinements. 

0 

1.3.4 RMRS Waste Management Facilities 

Waste management facilities consist of three construction types: substantial, medium, and 
light (or none). Facilities with substantial construction are made of concrete, cinder block, etc. 
Facilities with medium construction include structural steel fiaming with sheet metal siding and 
roof Medium construction facilities include Butler type buildings and cargo containers. Facilities 
with light construction (or none) include tents, wood fiame buildings, and open storage areas with 
no protective structure at all. For the purposes of this NSTR, RMRS waste management facilities 
are categorized by construction type as shown in Table 1-2. Facility construction type affects 
accident scenario damage ratio @R) determinations for external event and ~tura l  phenomena 
hazards. A brief synopsis of RMRS waste management facilities and their major activities is 
provided in subsequent sections. The location of RMRS waste management facilities at WETS is 
presented in Figure 1 - 1. 
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460 

569 

664 

Table 1-2 Facility Construction 

Medium 

Medium 

MediUUl 

I 440 I Medium I 

~ ~~ 

666 

750 Pad 

904 Pad 

Medium 

Light 

Light 
906 

991 

RCRAUnitS 1, 10, 13, 15A*, & 18.04 

Medium 

Substantial 

Medium 

RCRA Units 15A* and 18.03 

RCRA Unit 24 

Building - 440 -Waste Storage 

Building 440 is a corrugated metal building with cormgated metal roof constructed on a 
concrete slab on grade. Building 440 comprises 39,000 ft2 of which 26,000 ft2 is used for waste 
management operations. Building 440 is a waste storage facility for transuranic (TRLJ) waste, 
transuranic mixed (TRM) waste, low-level waste (LL), low-level mixed (LLM), and hazardous 
(HAZ) waste with attendant LLW and TRM repackaging capability. LLW and LLMW are 
staged for offsite shipment and disposal. Field radiography may be conducted to characterize 
waste stored in Building 440. Building 440 is a RCRA-permitted storage area. 

None (open storage) 

Light 
I 

Building 460 - TRU Waste Storage 

Reservedpending decision on usage as a waste storage fmility. 

Building 569 -Waste Assay 

Building 569 is a single-story, pre-engineered metal building on concrete foundations 
with 7,620 square feet of floor space. Building 569 houses a Passive-Active Crate Counter 
(PACC) to non-destructive assay crates of radioactive LL, LLM, TRU, and TRM waste to 
determine the amount of radionuclides present. A Passive-Active Drum Counter (PADC) and a 
Low Specific Activity Counter (LOSAC) are utilized to non-destructive assay the same waste 
types packaged in drums. A Real-Time Radiography (RTR) Unit is used to examine the contents 
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of residue and residue-mixed drums, TRUlTRM, and LL/LLM waste drums without opening 
them. Building 569 is a RCRA-permitted storage area. - 

Building 664 Complex -Waste Storage and ShiDment 

The Building 664 Complex’ mission consists of waste container RTR, NDA, storage and 
staging, waste inspection, waste certification, and truck loading and shipment of LL, LLM, TRU, 
and TRM wastes. LL waste drums are stored in cargo containers in the fenced 300,000 ft2 664 
Facility yard. LL, LLM, TRU and TRM waste is stored inside Building 664. The building, 
including the high bay and bridge crane section, comprises approximately 20,000 ft’. Building 
668 is a 5,000 ft2 wood frame shed with fiberglass and transite wall panels. Building 664A is a 
5,000 ft2 wood frame, metal-sided and roofed portable, modular office building. Two NDA 
trailers are parked within the fenced area and are used to assay waste drums prior to shipment to 
the Waste Isolation Pilot Plant (WIPP) for disposal. Real-Time Radiography (RTR) is also 
conducted at Building 664 to radiologically characterize waste. 

The offsite transportation modes are TRUPACT II for TRU and TRM waste and common 
carrier for LL and LLM waste. Drums are limited to a radioactive material inventory of 200 
grams of plutonium per drum and 1,225 grams equivalent per POC. Building 664 is a 
RCRA-permitted storage facility. 

Building 666 - TSCA Waste Storage Facility 

Building 666 is a 1,200 ft2 prefabricated metal frame building with metal exterior walls and 
roof The building rests on a concrete slab on grade. The building is used solely for TSCA waste 
storage; there is no office area. There are five associated cargo containers located adjacent to 
Building 666 to augment the storage capacity of the Building 666. A sixth cargo container is used 
to store empty drums, personal protective equipment (PPE), and spill absorbent (Floor Dri). Four 
types of Toxic Substance Control Act (TSCA) waste are stored and managed at Building 666 
prior to shipment offsite for treatment/disposal: (a) non-radioactive, non-fiiable asbestos waste, 
@) radioactively-contaminated asbestos waste, (c) waste contaminated with PCBs, and 
(d) radioactive waste contaminated with PCBs. 

7501904 Pads -Waste Storage 

The 750 and 904 Pads are asphalt-paved areas that are appropriately sloped for drainage. 
Each pad has approximately 6-to-12 inch high berms around the perimeter to collect runoff from 
precipitation. The 750 and 904 Pads are used for storage of LL, LLM, and HAZ waste, and for 
waste sampling and repackaging operations for LL and LLM waste. Large enclosures called 
Perma-Cons are used for LLLLM waste sampling and repackaging activities. Tents 2 and 12 on 
the 750 Pad are also used for storage of TRU and TRM waste inside pipe overpack containers 
(POCs). Field radiography is conducted to characterize waste stored at the 750 and 904 Pads. 
The 750/904 Pads are RCRA-permitted storage areas. 
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Building 906 -Waste Storage 

Building 906 is a single-story, 25,000 ft2 steel fiame, metal-clad structure with reinforced 
concrete footings. Building 906 is used for the storage of LL, LLM, and HAZ waste. Wastes 
containing fiee liquid are not stored in Building 906. Field radiography may be conducted in 
Building 906 to determine the contents of waste containers. Building 906 is a RCRA-permitted 
storage area. 

Building 991 Complex - Waste Storaye 

Building 991 is a 32,659 ft2 single-story reinforced concrete with metal-on-metal framing. 
The Building 991 Complex includes support Buildings 985, 996, 997, 998, and 999. These 
underground, reinforced concrete buildings comprise 20,940 ft2 and are connected to Building 
991 via tunnels. Buildings 984 and 985 are aboveground, metal sheds used for drum crushing and 
housing the filter plenum. Building 991 is used for the receipt, storage, transfer and shipment of 
LL, TRU, and Category I/II Special Nuclear Material (SNM) waste. SNM waste will be shipped 
on Safe, Secure, Transports (SSTs). 

RCRA Storage Units -Hazardous Waste Storage 

RCRA storage Units 1, 10, 13, 1 5 4  18.03, 18.04, and 24 are used for the temporary 
storage of HAZ, LL, LLM, and TRM waste (Note: RCRA Unit 15 B is managed under the 
904 Pad described above). The storage units consist of cargo containers, buildings, and fenced 
outdoor pad areas. No drums are stored outside cargo containers or buildings. For each storage 
Unit, the maximum total capacity, maximum liquid capacity, and allowable waste types are dehed 
by the Site RCRA Part B Permit. Routine non-breachment operations performed in the RCRA 
Units include drum overpack (no leaks), drum and box movements, Canberra NDA services, 
hoisting and rigging, housekeeping, staging, and on-site and off-site shipping. Routine 
breachment operations include drum pumping, overpacking (with leaks), sampling, re-packaging 
and consolidation, returning samples, lab packing, characterization and verification, drum venting 
and de-heading, and spill clean-up. 
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wastecharactenza . tion-Chemical 

Waste Characterization - Radiological 

1.4 WASTE MANAGEMENT ACTIVITIES 

cc 
CR 

This section lists and describes the RMRS waste management activities performed at the 
Site and covered by this Nuclear Safety Technical Report. The waste management activities are 
grouped by combining common sub-activities (e.g., storage, characterization, repackaging, etc.) 
and waste type (e.g., HAZ, LL, and TRM), and whether primary confinement is breached during 
n o d  operating conditions (e.g., repackaging requires breaching the waste container while 
storage does not). This section of the NSTR is intended to provide a fundamental understanding 
of the facility processes and activities subsequently analyzed in Chapter 2, Hazmd and Accident 
AnuZysis. Each waste management activity “group” is presented generally as an activity module 
with associated sub-activities. The waste activity modules are shown in Table 1-3. 

Waste Generation 

Routine Activities 

Table 1-3 RMRS Waste Management Activity Modules 

GN 
RA 

I waste storage and Handling I SH I 

RT 

Table 1-4 lists the waste management facility activity modules and sub-activities and 
indicates the waste management facility(ies) where each activity is currently being performed. 
Figure 1-2 depicts those waste activity modules pertinent to each facility, the waste management 
interfaces and interactions between the facilities, and the flow of waste, by waste type, to offsite 
storage, treatment, and disposal sites in support of Site Closure. Sections 1.4.1 through 1.4.6 
detail each of the above major waste activity modules and associated sub-activities. A general 
description is provided followed by a more detailed description of the sub-activities. These 
waste management activily descriptions provide the reader with information helpll to 
understanding the scope of the safety analysis and derivation of a consolidated control set (not 
included as part of this NSTR). 
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Inspection, Characterization, Sampling and 
Analysis of HAZY LL, LLM, TRU, TRM Waste 
41.4.2.1 

Inspection, Characterization, Sampling and 
Analysis of TRM Waste $1.4.2.2 

Headspace Gas Sampling and Analysis and Gas 
Generation Testing of TRU, and TRM Waste 
$1.4.2.3 

0 

Table 1-4 RMRS Waste Management Facility/Activity Matrix 

4 

4 

4 

Waste Storage and Handling (SH) 61.4.1 

Waste Box and Drum Counting 51.4.3.1 

0 Field Radiography $1.4.3.2 

0 Real-Time Radiography 81.4.3.3 

Receipt, Handling, Storage, and Staging of LL, 
LLM Waste 81.4.1.1 

4 4 

4 

4 

Receipt, Handling, Storage, and Staging of HA2 
and TSCA Waste 81.4.1.2 

Receipt, Handling, Storage, and Staging of TRU 
and TRM Waste 81.4.1.3 

I I 

4 

I 
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Table 1-4 RMRS Waste Management Facility/Activity Matrix 

0 Non-Destructive Assay 51.4.3.4 

0 Decommissioning In-Situ Plutonium Inventoly 

Waste Repackaging and Treatment (RT) 51.4.4 

J 

Monitoring $1.4.3.5 

Inspection, Sampling, and Repackaging of LL, 
LLM, TRU, and TRM Waste 5 1.4.5.1 

Treatment of LLM Waste, including Excess 
Chemicals 51.4.5.2 

Waste Container Filter Vent Testing and 

Waste Generation (GN) 61.4.5 
Replacement 4 1.4.5 3 

. . -  

I 4 I J 1 J I J I J I J 1 .  J I J 
Routine Activities (RA) 51.4.6 
0 Construction Q 1.4.6.1 J J 

0 Maintenance $1.4.6.2 J J 

0 Surveillance $1.4.6.3 J J 

0 Other Routine Activities 51.4.6.4 J 4 '  J J 
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I io Wasto 
Assessmeie- Rad 

Building 440 Building 569 Building 664 
Waste Storage & Handling 
WasteCharacterization- Rad 
Routine Activities 

Building 666 
Waste Storage & Handling 

* Routine Activities 
Waste Storage & Handling 
Waste Characterization - Chem 
Waste Characterization - Rad 
Waste Generation 
Waste Repack and Treatment 
Routine Activities 

* Waste Storage & Handling 
* Waste Characterization - Rad 
* RoutineActivities .... 

7- ..................................... lal.r:TI!U ........................ 
SllijI;;;%$ 

............................ - ................. ...................... 
Xdpmacr 

7501904 Pads I Building 906 I 
Waste Storage & Handling 
Waste Characterization - Chem 
Waste Characterization - Rad 
Waste Repack and Treatment 
Routine Activities 

* Waste Storage & H andling 
* Waste Characterization - Chem 
* Waste Characterization- Rad 
* Waste Generation 

Waste Storage &Handling 
Waste Characterization- 
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Waste Storage & Handling 
WasleCharacterization- Chem 
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Figure 1-2 RMRS Waste Management Facility/Activity Interaction at WETS 
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1.4.1 Waste Storage and Handling (SH) 

The waste storage and handling module involves all activities associated with receiving, 
handling, storage, and staging of HAZ, TSCA, LL, LLM, TRU, and TRM waste, and Category 
I/II SNM. Waste transfer between onsite facilities and the shipment of waste offsite is addressed 
in the Site Safety Analysis Report (Site S A R )  hazard and accident analyses and is not addressed in 
this NSTR 

All physical waste container receiving, handling, staging, and storage activities in support 
of the related waste management activity modules Waste Characterization - Chemical (CC), 
Waste Characterization - Radiological (CR), Waste Repackaging and Treatment (RT), and Waste 
Generation (GN) is enveloped by this module. 

Primary waste container packaging is not breached under normal operating conditions in 
the Storage and Handling activity module. The hazards and accident analyses specific to waste 
receiving, handling, staging, and storage are presented and evaluated in Sections 6.2.1 and 8. 

1.4.1.1 Receipt. Handling. Storage. and Staging of LL and LLM Waste 

This activity encompasses the following sub-activities: 

LL andLLA4 Waste Receipt: waste container receipt fiom onsite waste generators, waste 
container receiving 'inspection (on-site shipping specifications and Department of 
Transportation POT]  specifications), waste container identification, waste container 
labeling and placarding, 

U anduM Waste Handling: movement of waste containers within a facility via manual 
conveyance or via forkhft, drum huggers, portable loadhi  docks, or bridge crane to 
loading dock, staging, and storage locations. 

U and LLM W d e  Storage: RCRA regulatory compliance, waste container stacking, 
waste container banding, waste container inspection and repo-*g, and waste container 
overpacking. - 

U andLLM Waste Staging prepare and stage waste containers for transport. Staging 
involves limited-duration storage of a discrete number of waste containers in support of 
other waste operations activities such as Waste Characterization-Radiological and Waste 
Repackaging and Treatment. Staging activities also support waste transportation 
activities (onsite transfer or offsite shipment) addressed in the Site SAR. Staging sub- 
activities include waste inspections, waste certification (includes compliance with waste- 
packaging requirements, waste form requirements, waste limits, documentation 
requirements), and radiological vehicle monitoring, radioactive contamination surveys, 
waste container staging, and waste container loading via forklift or crane onto transport 
vehicles. 
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Note: LL and TRU waste is not placed in the same vehicle due to different offsite shipping 
destinations. Also, LL and LLM waste is not shipped in the same vehicle due to segregation 
requirements at the disposal facilities. TRU and TRM wastes may be transported in the same 
TRUPACT I1 container ifthey belong to the same shipping category. 

0 

1.4.1.2 Receipt. Handling. Storage. and StagJng of HAZ and TSCA Waste 

This activity encompasses the following sub-activities: 

HAZ and TSCA Waste Receipt: waste container receipt from onsite waste generators, 
waste container receiving inspection (on-site shipping specifications and Department of 
Transportation [DOT] specifications), waste container identification, waste container 
labeling and placarding, 

e HAZ and TSCA Waste Handling: movement of waste containers within a facility via 
manual conveyance or via forklift, drum huggers, portable loading docks, or bridge crane, 
to loading dock, staging, and storage locations. 

HAZ and TSCA Waste Storage: RCRA and TSCA regulatory compliance (as required), 
waste container stacking, waste container banding, waste container inspection and 
reporting, 'and waste container overpacking. 

HAZ and TSCA Waste Staging: prepare and stage waste containers for transport. Staging 
involves limited-duration storage of a discrete number of waste containers in support of 
other waste operations activities such as Waste Characterization-Radiological and Waste 
Repackaging, Treatment, and Disposition. Staging activities also support waste 
transportation activities (onsite transfer or offsite shipment) addressed in the Site SAR. 
Staging sub-activities include waste inspections, waste certification (includes compliance 
with waste-packaging requirements, waste form requirements, waste limits, 
documentation requirements), and radiological vehicle monitoring, radioactive 
contamination surveys, waste container staging, and waste container loading via forklift or 
crane onto transport vehicles. 

0 

1.4.11.3 Receipt. Handling. Storage. and Staging of TRU and TRM Waste 

This activity encompasses the following sub-activities: 

e TRU and iTA4 Waste Receipt: waste container receipt from onsite waste generators, 
waste container receiving inspection (on-site shipping spdcatiom or Department of 
Transportation [DOT] specifications), waste container identification, waste container 
labeling and placarding, 

e TRU and iTA4 Waste Handling: movement of waste containers within a facility via 
manual conveyance or via forklift, drum huggers, portable loading docks, mobile 
TRLJPACT II, loading dock, or bridge crane, to loading dock, staging, and storage 
locations. 
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Z'RU and TRM Waste Storage: RCRA regulatory compliance (as required), waste 
container stacking, waste container banding, waste container inspection and reporting, and 
waste container overpacking. - 

Z'RUand TRM Wmte Staging: prepare and stage waste containers for transport. Staging 
involves limited-duration storage of a discrete number of waste containers in support of 
other waste operations activities such as Waste Characterization-Radiological and Waste 
Repackaging, Treatment, and Disposition. Staging activities also support waste 
transportation activities (onsite transfer or offsite shipment) addressed in the Site S A R .  
Staging sub-activities include waste inspections, waste certification (includes compliance 
with waste-packaging requirements, waste form requirements, waste limits, 
documentation requirements), and radiological vehicle monitoring, radioactive 
contamination surveys, waste container staging, and waste container loading via forklift or 
crane onto transport vehicles. 

Note: LL and TRU waste is not placed in the same vehicle due to Werent offsite shipping 
destinations. Also, LL and LLM waste is not shipped in the same vehicle due to segregation 
requirements at the disposal facilities. TRU and TRM wastes may be transported in the same 
TRUPACT 11 container ifthey belong to the same shipping category. 

1.4.1.4 Recebt. Handling, Storape. and Staging of Category YII SNM 

This activity encompasses the following sub-activities: 

Category ILI S M  ReceiP;t: waste container receipt fiom onsite generators, container 
receiving inspection (on-site shipping specifications and Department of Transportation 
[DOT] specifications), container identification, container labeling and placarding, 

Category ILI S M  Handling: movement of containers within a facility via manual 
conveyance or via forklift, drum huggers, portable loading docks, or bridge crane, to 
loading dock, and staging locations. 

Category I4I S M  'staging: prepare and stage containers for transport. Staging involves 
limited-duration storage of a discrete number of containers in support of other waste 
operations activities such as Waste Characterization-Radiological and Waste Repackaging 
and Treatment. Staging activities also support waste transportation activities (onsite 
transfer or offsite shipment) addressed in the Site SAR. Staging sub-activities include 
inspections, certification (includes compliance with packaging requirements, form 
requirements, radiological limits, documentation requirements), and radiological vehicle 
monitoring, radioactive contamination surveys, container staging, and container loading 
via forklift or crane onto transport vehicles. 

1.4.2 Waste Characterization - Chemical (CC) 

The Waste Characterization - Chemical activity module involves only the physical and 
chemical inspection, characterization, and sampling and analysis of HAZ, LL, LLM, TRU, and 
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TRM waste. 
generation testing of TRU and TRM waste. 

This module also involves the sub-activities headspace gas, sampling and gas 0 
Primary waste container packaging is breached under normal operating conditions in the 

Waste Characterization-Chemical activity module. The hazards and accident analyses specific to 
Waste Characterization - Chemical are presented and evaluated in Sections 6.2.2 and 9. 

Note: waste container receiving, handling, staging, and storage activities in support of this 
module are addressed in the Waste Storage and Handling module. 

1.4.2.1 InsDection. Characterization. Samulimg and Analvsis of W. LL. and LLM Waste 

This activity encompasses the following sub-activities: 

Waste Container Content Inspection: waste Container identification, radiation surveys, 
attaching a drum glovebaghaghouse to the waste container, waste container opening, and 
visual inspection of waste form. 

Waste Characerization: radiation m e y s ,  attaching a drum glovebad baghouse to the 
waste container, waste container opening, visual inspection of waste form to venfy 
process knowledge and waste traveler documentation of container contents. 

Waste Sampling and Analysis: radiation surveys, attaching a drum glovebagl baghouse to 
the waste container, waste container opening, physical sampling (via scoop, core, grab, 
etc. sampling), and analysis of samples of waste. 

1.4.2.2 InsDection. Characterization, Sampling and Analvsis of TRU and TRM Waste 

This activity encompasses the following sub-activities: 

e Wate  Container Content Inspection: waste container identification, radiation surveys, 
attaching a drum glovebaghaghouse to the waste container, waste container opening, and 
visual inspection of waste form. 

8 Waste Characterization: radiation surveys, attaching a drum glovebaghaghouse to the 
waste container, waste container opening, visual inspection of waste form to venfj7 
process knowledge and waste traveler documentation of container contents. 

0 Waste Sampling and Analysis: radiation surveys, attaching a drum glovebaghaghouse to 
the waste container, waste container opening, physical sampling (e.g., scoop, core, grab, 
etc. sampling), and analysis of samples of waste. 

0 
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1.4.2.3Heads~ace Gas Samphg - and Analvsis and Gas Generation Testing of TRU and TRM 
Waste 

This activity encompasses the foilowing sub-activities necessary to sample TRU and TRM 
waste for the existence of possible explosive gases: 

0 Headspace Gas Sampling: installation of the headspace gas sampling unit, waste container 
identification, drum removal from storage or staging array, waste container remote 
opening in dedicated headspace gas sampling unit, gas sampling extraction and analysis, 
drum return to storage or staging array. 

Gas Generm-on Testing: installation of the gas generation testing unit (including electric 
heating blankets), radiation surveys, drum removal Erom storage or staging array, waste 
container remote opening in dedicated gas generation testing unit, gas sampling extraction 
and analysis, drum return to storage or staging array. 

1.4.3 Waste Characterization - Radiological (CR) 

The Waste Characterization - Radiological activity module involves only the radiological 
inspection, characterization, and sampling and analysis of LL, LLM, TRU, and TRM waste via 
the various non-destructive assay O A )  techniques described in this section. 

Primary waste container packaging is not breached under normal operating conditions in 
the Waste Characterization - Radiological module. The hazards and accident analyses specific to 
Waste Characterization - Radiological are presented and evaluated in Sections 6.2.3 and 10. 

Note: waste container receiving, handling, staging, and storage activities in support of this 
module are addressed in the Waste Storage and Handling module. Repackaging activities are 
addressed in the Repackaging and Treatment module. 

1.4.3.1 Waste Box and Drum Counting 

Waste box and drum Counting is a test method to determine box and drum radioactive 
material content. The contents of waste drums are non-destructively assayed using the Passive 
Active Drum Counter (PADC), the Low Specific Activity Counter (LOSAC), or the Segmented 
Gamma Scan Drum Counter (SGSDC). The contents of waste boxes are non-destructively 
assayed using the Passive Active Crate Counter (PACC). 

This activity encompasses the following sub-activities: 

W&e Box and Drum Counting: iden@ LL, LLM, TRU, and, TRM waste containers, 
receive waste drums and waste boxes, stage for non-destructive assay and/or 
radiography operations, assay waste containers, temporarily store containers that meet 
applicable packaging criteria in the building or moved to the loading dock and 
transported to another building for storage pending off-site shipment, stage containers 
that do not meet packaging criteria or that exhibit physical damage upon receipt for 
transfer to another building to be repacked. 
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1.4.3.2 Field RadiomaDhv 

Field radiography is a non-destructive testing method conducted to characterize waste, 
0 

_ _ .  

venfl IDC mixture requirements, venfl packaging requirements, and determine whether fiee 
liquids are present. Sealed radiological sources are used during X-ray field radiography activities. 

This activity encompasses the following sub-activities: 

Field Radiography: iden* LL, LLM, TRU, TRM waste containers, stage drums/boxes 
for field radiography, placement into RTR unit, assay dmmshoxes, analyze data, non- 
conforming waste, e.g. fiee liquids, removal, stage and return waste to storage/generating 
facility for corrective processing, return compliant drumshoxes to staging or storage area. 

I 

1.4.3.3 Real-Time Radiography (RTR) 

Real Time Radiography (RTR) is a non-destructive test method, which allows an operator 
to characterize waste, venfj7 IDC mixture requirements, veri@ packaging requirements, and 
determine whether fiee liquids are present. X-rays and an imaging device are used to generate 
real-time images that are viewed on a video monitor by a certified operator to verify conditions 
such as amount of free liquid and whether or not a container is pressurized. An audio/visual 
record is stored on videotape to create a permanent record of the inspected waste container 
contents. 

This activity encompasses the following sub-activities: 

0 RZX: idenm LL, LLM, TRU, TRM waste containers, stage drumshoxes for real-time 
radiography, placement into RTR unit, assay drums/boxes, analyze data, non-conforming 
waste, e.g. fiee liquids, removal, staging and return waste to storage/generating facility for 
corrective processing, prepare/process Non-Conformance Report (NCR), return 
compliant drumshoxes to staging or storage area. 

1.4.3.4 Mobile NDA - Canberra Trailers 

Two mobile Canberra NDA trailers are positioned inside the fenced yard of Building 664. 
One Canberra trailer contains an IQ3 Gamma Scanner system used to perform qualitative and 
quantitative analysis characterization of “suspect TRU” waste drums. A second Canberra trailer 
contains Segmented Gamma Scanner and an automated passive neutron (PN) counter system. 
Both trailers contain micro Ci to milli Ci sealed sources to provide correction for absorption in 
the waste matrix and to aid in determining waste densities. The mobile NDA Canberra Trailers 
are used to certrfl TRU waste to allow shipment of the waste to the WIPP site for disposal. 

The Canberra Q2 Mobile Waste Assay System at the RCRA Units will be used to perform 
NDA services for packaged low-level &L) waste and low-level mixed (LLM) waste. NDA 
results are used to facilitate offsite treatment and disposal of the LL and LLM waste and assure 
measured quantities of radiation meet Department of Transportation (DOT) requirements. a 
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This activity encompasses the following sub-activities: 

0 ADA: identify LL, LLM, TRU, TRM waste containers, stage drumshoxes for field 
radiography, place drums onto powered NDA conveyor for counting, assay drums/boxes, 
analyze data, after scanningkounting, place drums back onto containers powered NDA 
conveyor and return drums to storage. 

1.4.3.5 Decommissioning In-Situ Plutonium Inventory Monitoring IDISPIM) 

The Decommissioning In-Situ Plutonium Inventory Monitoring (DISPIMRd) system 
employs both passive neutron counting and gamma spectrometry techniques in its non- 
destructive measurement. The neutron technique enables the 2”opu equivalent mass and location 
of fissile material to be determined. Gamma spectrometry allows the specific Pu and U isotopes 
and the relative masses to be calculated. The DISPIMTM is a mobile unit used to determine the 
plutonium and fissile mass in waste drums, boxes, and gloveboxes. 

This activity encompasses the following sub-activities: 

DISPLU: stage drumshoxes or glovebox for DISPIM, deploy DISPIM around target 
drums/boxes or gloveboq assay drums/boxes or glovebox, analyze data, return 
drums/boxes or glovebox to staging or storage area. 

1.4.4 Waste Repackaging and Treatment (RT) 

The Waste Repackaging and Treatment activity module involves only the inspection, 
sorting, sampling, and repackaging of LL, LLM, TRU, and TRM waste containers. LLM waste 
treatment (including Excess or Waste Chemicals), and TRU and TRM waste container filter vent 
testing and replacement are also included in this activity module. 

Primary waste container packaging is breached under normal operating conditions in the 
Waste Repackaging and Treatment activity module. The hazards and accident analyses specific to 
Waste Repackaging and Treatment are presented and evaluated in Sections 6.2.4 and 1 1. 

Note: waste’container receiving, handling, staging, and storage activities in support of this 
module are addressed in the Waste Storage and Handling module. 

This activity encompasses the following sub-activities: 

1.4.4.1 InsDectioa Sam~lin~.  and ReDackaeg of LL. LLM. TRU. and TRM Waste 

Waste Repackaging activities are conducted to iden* and segregate potentially 
incompatible waste chemicals that may be located within the same container, to verify 
conformance with disposal site waste acceptance criteria (WAC), or to support other waste 
management efforts, such as shipment for offsite disposal. This activity encompasses the 
following sub-activities: 
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Repackaging of LL, UM, and lRA4 Wmte: iden* waste containers, stage and 
transport drums to repackaging facility, prepare drums for repackaging inside containment 
structure, transfer drums into approved repackagiiig containment area, e.g., glovebox or 
Perma-Con, visual venfy the integrity of the packaging or container and contents, repack 
drums, segregate non-conforming waste items and bag out to placement in drums, metal 
waste boxes, or SWBs, crush used drums as required, stage and return repackaged drums 
to storage facility. . 

1.4.4.2 Treatment of LLM Waste 

Waste Treatment activities are conducted to neutralize and stabilize LLM waste, including 
waste or excess chemicals, that are no longer to be used as part of another building Baseline or 
Mission Program Activity. 

This activity encompasses the following sub-activities: 

Treatment of LLM Waste: iden* LLM waste containers, stage drums for transport to 
treatment facility, prepare drums for treatment, stage drums into treatment confinement 
enclosure (e.g., C-cell, glovebox, or Perma-Con), treat waste via neutralization andor 
stabilization, crush used drums as required, stage and return treated waste to storage 
facility (see also 1.4.1, Waste Storage and Handling, 1.4.2, Waste Characterization - 
Chemical, and Section 1.4.3, Waste Characterization - Radiological activity modules). 

1.4.4.3 Waste Container Filter Vent Testing and Replacement 

buildup resulting in potential explosion and fire accident scenarios. 
TRU and TRM metal waste container filter vents are tested and replaced to prevent gas 

This activity encompasses the following sub-activities: 

TUU and TUA4 Wmte Container Filter Vent Testing and Replacement: inspect metal 
waste containers for the presence of unobstructed filter vent, stage containers for transport 
to approved confinement area (e.g., containment cell, baghouse, glovebox, or Pem-Con, 
etc.), replace filter vent, stage containers for transport to storage facility. 

1.4.5 Waste Generation (GN) 

The waste generation module involves only the generation of primary HAZ, TSCA, LL, 
LLM, TRU, or TRM waste during incidental spill cleanup activities, decontamination, 
decommissioning, deactivation, and demolition @4) operations, environmental restoration (ER) 
operations, and waste management repackaging operations. Generation of secondary LLM waste 
is also possible during onsite LLM waste treatment activities. 

Waste containers are packaged and filled as a normal operation within the Waste 
The hazards and accident analyses specific to Waste Generation are Generation module. 

presented and evaluated in Sections 6.2.5 and 12. 
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Note: waste container receiving, handling, staging, and storage activities in support of this 
module are addressed in the Waste Storage and Handling module. Waste treatment activities are 
addressed in the Waste Repackaging and Treatment module. Routine waste management, D4, 
and ER operations activities responsible for the generation of waste, e.g., construction, 
maintenance, etc., is addressed in the Routine Activities module. 

This activity encompasses the following sub-activities: 

0 HAZ, TSCA, LL, W, TRU, or i'RA.4 Waste Generation: generate waste incidental to spill 
cleanup, decommissioning and decontamination activities, environmental cleanup 
activities, waste management repackaging operations, and onsite waste treatment 
activities, characterize, sample and analyze waste to determine treatment and disposal 
options, transfer generated waste to storage pending either onsite treatment or offsite 
shipment for treatment and/or disposal. 

1.4.6 Routine Activities (RA) 

The Routine Activities module involves only those activities generally necessary to 
support day-to-day conduct of facility activities e.g., records management, document control, 
security and access control, general housekeeping required for control of combustibles, hazardous 
materials, radiological materials. 

Primary waste container packaging is not breached under normal operating conditions in 
the Routine Activities module. The hazards and accident analyses specific to Routine Activities 
are presented and evaluated in Sections 6.2.6 and 13. 

Note: waste container receiving, handling, staging, and storage activities in support of this 
module are addressed in the Waste Storage and Handling module. Waste management, D4, and 
ER operations that generate waste are addressed in the Waste Generation module. 

This activity encompasses the following sub-activities: 

1.4.6.1 Construction 

Construction includes Integrated Work Plan Process (IWCP) activities including upgrades 
to various waste management facility structures, systems, and components (SSCs), modification of 
various SSCs, removal of k e d  SSCs fkom the building, addition of various SSCs. Also included 
are those IWCP activities in support of D4 and ER operations, e.g., construction of containment 
structures, treatment systems, etc. 

This activity encompasses the following sub-activities: 

Consfnrction: implement Integrated Work Control Process (IWCP) upgrades of various 
waste management facility SSCs, modification of various SSCs, removal of k e d  SSCs 
from the building, and addition of various SSCs, construction of D4 and ER containment 
structures, treatment systems, etc. 

Revision0 
10199 

YY 
1-28 NSTR-006-99 

RMRS WastehhuagamtFaciliticilities 



. Introduction 

1.4.6.2 Maintenance 

Maintenance, testing and repair of various waste management facility SSCs can occur 
anywhere inside or outside of the waste operations facility. SSCs potentially involved with this 
activity include the heating, ventilating and air conditioning W A C )  system, and the fire 
suppression, detection, and alarm, and utilities systems. Maintenance activities in support of 
facility D4 and ER operations is also included in this activity. 

This activity encompasses the following sub-activities: 

Maintenance; maintenance, testing and repair of various waste management facility SSCs 
can occur anywhere inside or outside of the waste operations facility. SSCs potentially 
involved with this activity include the heating, ventilating and air conditioning W A C )  
system, and the fire suppression, detection, and alarm., and utilities systems. Maintenance 
includes D4 and ER operations. 

1.4.6.3 Surveillance 

Surveillance predominately consists of system and equipment surveillances specified for 
LCO systems and other components; surveillance of other SSCs as specified in ACs; routine 
facility operator rounds, including maintenance of logs and records; security force tours, response 
actions; and programmatic inspections and audits (e.g., environmental compliance assessments, 
fire protection and radiological protection surveys, and audits from federal, state and local 
authorities). Surveillance activities include waste management facilities, and D4 and ER 
operations. - 

This activity encompasses the following sub-activities: 

0 SuweiZZance: The surveillance aspect of this activity predominately consists of system 
and equipment surveillances specified for LCO systems and other components; 
surveillance of other SSCs as specified in ACs; routine facility operator rounds, 
including maintenance of logs and records; security force tours, response actions; and 
programmatic inspections and audits (e.g., environmental compliance assessments, fire 
protection and radiological protection surveys, and audits fiom federal, state and local 
authorities). Surveillance activities occur in waste management facilities, and D4 and 
ER operations. 

- 
1.4.6.4 Other Activities 

Other routine activities are those activities generally necessary to support day-to-day 
conduct of waste management, D4 and ER operations activities, e.g., records management, 
document control, security and access control, general housekeeping required for control of 
combustibles, hazardous materials, radiological materials. 

This activity encompasses the following sub-activities: 
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Other Routine Activities: day-to-day conduct of facility activities e.g., records 
management, document control, security and access control, general housekeeping 
required for control of combustibles, hazardous materials, radiological materials, 
utilities maintenance to support safety systems that maintain the safety envelope or 
habitability, e.g., water; ventilation; electric power; sanitary waste; and compressed air, 
maintaining emergency response capability. Non-destructive testing may also be 
routinely performed to support. 0 4  and ER operations activities. 

U 
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0 2. HAZARD AND ACCIDENT ANALYSIS INTRODUCTION 

Various hazards are currently present in RMRS waste management facilities and will be 
discussed in this chapter. The following waste management facilities are addressed in this NSTR: 
440, 460, 569, 664, 666, 750 Pad, 904 Pad, 906, 991, and RCRA Storage Units 1, 10, 13 
(Building 884), 1 5 4  18.03, 18.04 and 24 (Building 964). Building 460 is included in the list 
because it has been selected as a potential candidate for conversion into a TRU waste storage 
facility. If converted, it would be the closest waste management facility to the Site boundary at 
1,200 meters. The RMRS waste management facilities addressed in this NSTR are hereafter 
referred to as simply "waste management facilities." 

Category I and II SNMis only found in Department of Transportation (DOT) approved, 
Type B shipping containers, which are currently only received by Building 991 and staged in the 
facility in preparation for off-site shipment. 

Radioactive waste materials are primarily stored in 55-gallon drums meeting on-site 
shipping specifications andor DOT specifications; however, waste management facilities may 
receive and store Transuranic Package Transporter 11 (RUPACT II) Standard Waste Boxes 
(SWBs) and DOT-74 Type A Metal Waste Boxes. The 55-gdon waste drums may be standard 
Transuranic (TRU) waste drums or Pipe Overpack Containers (POCs). In addition, wooden 
Low-Level Waste (LLW) boxes may be received and stored in various waste management 

This NSTR addresses the identification and the evaluation of the hazards associated with 
the RMRS waste management primary mission: movement, storage, characterization (including 
inspection, sampling, and analysis), and disposition (including repackaging, treatment, and staging 
for off-site shipment) of hazardous radioactive materials and waste. Transfer of hazardous and 
radioactive materials and waste between on-site facilities and off-site transportation are addressed 
in the Site SAR (Ref. 2). This NSTR evaluates the consequences of postulated accident scenarios 
leading to radiological andor toxicological (chemical) releases that may be caused by operational, 
external, and natural phenomena-related events. The evaluated potential consequences and risks 
(fiequency times consequence) to workers, both immediate and collocated, and the public, as 
represented by the maximum [exposed] off-site individual (MOI), are presented. Preventive 
and/or mitigative features (structures, systems, and components (SSCs) or elements of 
administrative programs) credited to reduce risk by lowering postulated accident frequencies 
and/or by reducing receptor consequences have also been identified for inclusion into a 
consolidated control set, Waste Management Facilities Technical Safety Requirements (Ref 1) 
which will be appended to each RMRS Hazard Category 2 and 3 Nuclear Facility AB document. 
In addition, discussions addressing hazard identification, hazard evaluation, accident analysis 
methodology, and risk classification methodology are presented. AppendixA of this NSTR 
provides the supporting calculations for the analyses that follow. 
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3. REQUIREMENTS 
- .  . .  

The standards, regulations, and DOE Orders reviewed in support of the development of 
this NSTR are listed below. Only portions of the listed documents are relevant to the 
development of this NSTR namely, those that cover hazard identification and evaluation, Safety 
Analysis, risk classification, and operational controls. A comprehensive listing of standards and 
regulations addressing occupational safety and environmental protection is not provided. 

e 

e 

i 

Facility Safety, DOE Order 420.1 (Ref 4): 

The Order addresses operational controls dealing with Natural Phenomena Hazards 
Mitigation, Fire Protection, General Design Criteria, and Criticality Safety. 

Nuclear Safety Analysis Reports, DOE Order 5480.23 (Ref 5): 

This Order specifies the requirement for FSAR preparation for nuclear facilities. The 
Order also specifies that the FSAR should include identification and evaluation of both 
nuclear and non-nuclear hazards. 

Preparation Guide for U. S. Department of Energy Nonreactor Nuclear Facility 
Safety Analysis Reports, DOE Standard 3009-94 (Ref 6): 

The Standard addresses hazard identificatiodevaluation and Safety Analysis by 
providing guidance on the analysis techniques and level of detail. 

G u i h c e  for the Preparation of DOE 5480.22 (T,SR) and DOE 5480.23 (SAR) 
Implementation Plans, DOE Standard 301 1-94 (Ref 7): 

This Standard addresses hazard identification and evaluation by providing guidance on 
performing a Preliminary Hazards Analysis (PHA). The Standard also addresses risk 
classification by defining candidate consequence evaluation guidelines and risk 
categories for postulated accident scenarios. 
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4. METHODOLOGY 

4.1 OVERVIEW OF THE HAZARDS AND ACCIDENT ANALYSIS PROCESS 

The Safety Analysis presented in this NSTR uses a PHA technique to iden@ and evaluate 
the hazards and postulated accident scenarios associated with the operation of RMRS Waste 
Management Facilities. This technique begins by i d e n m g  existing or potential hazards 
(e.g., radioactive sources, radioactive wastes, chemicals, or nonmaterial hazards (e.g., thermal 
energy sources, pressure sources, electrical energy sources)) in terms of quantity, form, 
packaging, location, affected or affecting activities, and recognized preventive andor mitigative 
features (SSCs or elements of administrative programs) associated with the hazard. 

Based on the information developed by the PHA and presented in the hazards description 
table, determinations are made on whether further evaluation of specific hazards are necessary. In 
general, no further evaluation is performed on those hazards that: (1) could be characterized as 
Standard Industrial Hazards and (2)have limited impact on postulated accident initiation 
frequency, accident mitigation, and accident consequences. Industrial hazards that could only 
lead to occupational injuries or illnesses are addressed by the Site Industrial Safety program as 
discussed in the Safety Management Programs sectiodchapter of individual AB documents. 

For those hazards determined to require further evaluation, a hazards evaluation matrix 
was developed relating identified waste management activities with corresponding hazards in 
order to derive postulated accident scenarios. For each postulated accident scenario, the hazards 
evaluation matrix presents: (1) scenario descriptive information including the corresponding 
activity and hazard leading to the scenario; (2) a categorization of the accident type; and (3) a 
qualitative assessment of scenario frequency, consequences, and risk class assuming identified, 
inherent preventive and mitigative features are in place. Based on the information presented in the 
hazards evaluation matrix, postulated accident scenarios of higher risk are selected as candidate, 
bounding accident scenarios for M e r ,  detailed evaluation. The bounding accident scenarios are 
representative of the waste management facilities and operations at RFETS. Bounding accident 
scenarios are identified for each of those postulated accident scenarios that are not carried 
forward for further analysis. Any inherent preventive andor mitigative features associated with 
the bounded scenarios that resulted in the scenario being low risk are assigned to the bounding 
scenarios in order to carry forward all credited preventive and mitigative features. 

In some cases, a bounding accident scenario qualitative frequency assessment may be 
further refined using event tree methodology displaying accident progression and impact of 
identified preventive and/or mitigative features. In all cases, the bounding accident scenario 
qualitative consequence assessment is refined using Site consequence evaluation tools. 
Quantitative estimates of scenario initial [respirable] source terms (ISTs) are determined based 
on: (1) estimated damage ratios @Rs) associated with the postulated accident scenario; 
(2) bounding material-at-risk (MAR) estimates associated with analyzed activities and expected 
radioactive or chemical containers; and (3) airborne respirable release fractions (ARRFs) taken 
from Airborne Release Fraction f i f e s  and Respirable Fractions for Nonreactor Nuclear 
Facilities, DOE-HDBK-3010-94 (Ref. 8),  for radioactive material release scenarios. Scenario 

Revision 0 
10/99 

4-1 NSTR-006-99 
RMRSWasteManagementFacilities 



Methodolorn 

consequences are determined using: (1) the ISTs; (2) estimates of applicable, facility leakpath 
factors; (3) Site atmospheric dispersion values; (4) receptor breathing rates; and ( 5 )  dose 
conversion factors for radioactive material releases. Risk classifications of the bounding accident 
scenarios are then determined using a qualitative binning methodology based on the refined 
accident fiequency and the newly determined quantitative estimates of accident consequence. 

In those cases where a bounding accident scenario was determined to present a high risk, 
further evaluations were performed to iden* any additional preventive or mitigative features that 
could be used to lower the scenario risk. These evaluations are presented in the Control Set 
Vulnerability section of each accident scenario. The adequacy of and vulnerability associated with 
credited preventive and mitigative features were presented for each accident scenario. 

Risk dominant accident scenarios (i.e., scenarios presenting the highest risk following the 
crediting of preventive and mitigative features) will be addressed in individual facility AB 
documents incorporating the results of the discussion in the Control Set Vulnerability sections of 
.this NSTR 

4.2 RISK CLASSIFICATION METHODOLOGY 

The risks associated with postulated accident scenarios identified in the hazard evaluation 
tables or evaluated as bounding accident scenarios, as discussed in the previous section, can be 
categorized according to a combination of the scenario fkequencies and consequences, as shown 
in Table.1. The categorization bins accident scenario risk into one of four risk classes. For the 
purpose of this document, risks associated with Risk Class I accident scenarios are considered 
major, risks associated with Risk Class 11 scenarios are serious, Risk Class IIl accident scenario 
risks are margird, and Risk ClassIV accident scenario risks are considered negligible. In 
addition, Risk Class I and II accident scenarios are considered to be high-risk scenarios, and Risk 
Class III and N scenarios are considered to be low-risk scenarios. The risk class associated with 
each of the accident scenarios identified and evaluated in the remainder of NSTR-006-99 was 
determined based on the Table 4-1 categorization scheme. 

Table 4-1 Risk Classes - Frequency Versus Consequence 

I I I I I II I HIGH I 
1 MODERATE 1 III II I 

I LOW I Iv I rn I rn I 
As stated earlier, inherent preventive and mitigative features required to be in place in 

order to maintain those Risk Class III and IV accident scenarios identified in the hazard evaluation 
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tables as low-risk scenarios are carried forward with corresponding bounding accident scenarios. 
Postulated accident scenarios identified in the hazard evaluation tables as Risk ClassI or II 
scenarios are evaluated M e r  to determine if any preventive or mitigative features exist, which if 
implemented, could reduce the scenario risk to a Risk Class IIl or IV category. The collection of 
the credited preventive and mitigative features associated with initial and bounding scenario 
evaluations are carried forward into the development of a consolidated control set, Waste 
Management Facilities Technical Safety Requiremenfs (Ref Error! Bookmark not defined.), 
which will be appended to each RMRS Hazard Category 2 and 3 Nuclear Waste Management 
Facility AB document. 

0 

For those postulated accident scenarios that are evaluated to be Risk ClassI or 11 
scenarios and for which no preventive or mitigative features can be identified to reduce the 
scenario risk class, discussions related to the acceptability of the high-risk scenarios are provided 
in individual AB documents and not discussed in this NSTR. 

The application of Table 4-1 requires frequency bin and consequence bin assignments. 
Frequency bin assignments are in accordance with DOE-STD-3011-94; i.e., events more frequent 
than per year are classified as anticipated, those with frequencies between lo4 per year and 
lo2 per year are classified as unZikdy, and those less fiequent than lo4 per year are classified as 
exfremely unZikZy. These frequency bin terms and assignments are consistent with 
DOE-STD-3 009-94 qualitative likelihood classifications. Low-likelihood, high-risk scenarios are 
identified and discussed in those instances where the risk potential of the postulated accident 
scenario is judged to be sigmficant relative to other credible scenarios. Estimates of scenario 
fiequency are generally qualitative but may be quantitatively defined, in some cases, with the use 
of event trees. In cases where sufficient qualitative arguments for lower accident scenario 
frequencies cannot be made, the scenario is classified as anticipated. 

4.2.1 Radiological Risk 

Radiological dose consequence evaluations are performed using the following equation: 

Dose =MAR * DR * ARRF * LPF * x/Q * BR * DCF / PDC 

where MAR 
DR 
ARRF 

LPF 
x/Q 

BR 
DCF 

PDC 

is the radioactive material-at-risk (in grams, varies with scenario); 
is the MAR damage ratio (varies with scenario); 
is the airborne respirable release fraction (varies with form of radioactive 
material and scenario); 
is the facility leakpath factor ( i t i d y  set to 1 .O, varies with scenario); 
is the atmospheric dispersion factor (in s/m3, varies with receptor and 
scenario); 
is the receptor breathing rate (in m3/s, set for heavy activity); 
is the radiological material dose conversion factor (in redgram, varies with 
material type); and 
is the plume duration correction factor (varies with scenario). 

Revision 0 
10199 

4-3 NSTR-006-99 
RMRS Waste Management Facilities 



Methodology 

The PDC value is used for accident scenarios with a duration longer than 10 minutes 
(e.g., large fires). The PDC value is used to mod.@ the atmospheric dispersion value to correct 
for plume meander during the scenario. The formula used for determining plume meander for 
longer duration releases is as follows: 

PDC = (plume duration in minutes / time base)“ 

where the time base is 10 minutes; “d’ has a value of 0.2 if the plume duration is less than or 
equal to 60 minutes; otherwise, “n7’ has a value of 0.25. 

The atmospheric dispersion factors (UQ values) used in the radiological dose consequence 
evaluations are based on the receptor (i.e., distance fiom the point of release), the type of accident 
scenario (i.e., non-lofted plume or lofted plume), and modeling assumptions (i.e.; use of 
conservative 95* percentile values or median (50* percentile) values). In most cases, the 
atmospheric dispersion factors represent 95* percentile UQ values developed fiom an analysis of 
actual Site weather data. Two receptors are identified for analysis: (1) the public as represented 
by the MOI and (2) the CW. 

The shortest distances fiom waste management facilities to the MOI located at the Site 
boundary were determined using tables found in RFP-5098, Sa$ety AnaZysis and fisk Assessment 
Handbook ( S A R A H )  (Ref 9) and are shown in Table 4-2. For the purpose of evaluating scenario 
consequences in this NSTR, a representative shortest distance to the Site boundary (i.e., 1,200 
meters fiom Building 460) and the fiuthest distance to the Site Boundary (i.e., 2,367 meters fiom 
Building 991) are used. Use of the representative shortest distance provides bounding 
consequence values that can be used for comparison in the Unreviewed Safety Question 
Determination (USQD) process. Facilities further fiom the Site boundary would have 
consequences of decreasing magnitude. As in the case of the CW, if the maximum UQ value is 
realized at a distance greater than the MOI distance as a result of accident scenario modeling 
assumptions, the higher X/Q value is used in the analysis. For example, the maxim- 95* 
percentile UQ value for the MOI for a lofted plume occurs at a distance of 4,020 meters since the 
plume is “lofted” over the person at the Site boundary, as discussed in RFP-4965, Reference 
Computations of Public Dose and Cancer Riskfrom Airborne Releases of Uranium and C h s  W 
Plutonium (Ref 10). 

The CW distance fiom the point of release, for most cases, has been set at 100 meters. 
This approach departs fiom the distance of 600meters, which is suggested for use by 
DOE-STD-3011-94 (Ref 7). If the maximum X/Q value is realized at a distance greater than 
100 meters as a result of accident scenario modeling assumptions, the higher X/Q value is used in 
the analysis. For example, the maximum, median X/Q value for the CW for a lofted plume occurs 
at a distance greater than 100 meters since the plume is “lofted” over the CW at 100 meters. This 
overall approach for analyzing CW radiological dose consequences is more conservative than the 
DOE Standard approach and is appropriate for the following reasons: (1) many CWs are closer to 
a waste management facility than 600 meters due to the proximity of other Site facilities and the 
compactness of the Site; (2) the minimum distance used in fomulations supporting the Gaussian 
plume atmospheric dispersion model is 100 meters; and (3) distances associated with evaluated 
maximum xlQ values occurring beyond 100 meters are encompassed by the Site boundary. 
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460 

569 

Table 4-2 Least Distances to Site Boundary 

1,200 

1,796 

I 440 I 1,243 I 

664 

666 

750 Pad 

1,453 

1,627 

2,066 
~ ~~~ 

904 Pad 2,091 

906 2.082 
- 

991 

RCRAUnitS 13 and 24 

RCRAUnitS 1, 10, 1% 18.03, and 18.04 

2,367 

1,812 

1,636 

The term “immediate worker” 0 is used to describe the individual who could be 
located in close proximity to the postulated accident scenario release location or who could be 
located within the waste management facility impacted by the postulated accident. For IW 
consequences, a qualitative judgment of acute radiological effects is made. It does not include 
latent cancer effects, per the guidance provided in DOE-STD-3009-94 (Ref 6). Scenario related 
effects (e.g., burns from fkes, injuries fiom energetic events) are discussed in the accident 
scenario summaries but are not included in the determination of the scenario risk class (Le., only 
radiological and toxicological doses are considered in risk class determinations). 

HIGH 

MODERATE 

LOW 

Radiological dose consequences corresponding to the High, Moderate, and Low 
consequence bins identified in Table 4-1 are defined by the comparison criteria developed in 
DOE-STD-3011-94 and shown in Table 4-3. Radiological dose consequence bin thresholds for 
the MOI and CW are defined in terms of 50-year, Committed Effective Dose Equivalent (CEDE) 
radiological doses. As stated above, radiological dose consequences for the IW are determined 
qualitatively; therefore, the radiological dose consequence bin thresholds for the IW are also 
defined qualitatively. 

dose > 5 rem dose >25 rem prompt death 

25 rem 2 dose > 0.5 rem serious injury 

0.1 rem 2 dose 0.5 rem 2 dose < MODERATE 

5 rem2 dose> 0.1 rem 

Table 4-3 Radiological Dose Consequence Bin Thresholds 
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Radiological doses are calculated using the RadioIogicaZ Dose Template (Ref 11) and are 
presented in the Accident Consequences section of each evaluated scenario. 

4.2.2 Chemical And Other Hazardous Material Risk 

Toxicological consequence evaluations for postulated accident scenarios involving 
chemicals and other hazardous materials are determined using a combination of qualitative and 
quantitative evaluation techniques as discussed below. The receptors identified for analysis are: 
(1) the MOI; (2) the CW; and (3) the W. The definition and location of the receptors of interest 
are the same as for the radiological consequence evaluations discussed in Section4.2.1, 
RadioIogicaI Risk. 

Hazardous materials can exist throughout a facility and may be in various forms. In 
support of the determination of hazardous material risks, hazardous material inventories are 
defined in four general categories: (1) hazardous materials in waste; (2) process chemicals; 
(3) bulk or product chemicals; and (4) in situ hazardous materials. 

The hazardous materials in waste category includes Resource Conservation and Recovery 
Act (RCRA) containerized wastes, Toxic Substances Control Act (TSCA) containerized wastes, 
and non-RCWnon-TSCA hazardous material containerized waste. The containers utilized for 
holding hazardous materials include, in part, 55-gdon drums, metal standard waste boxes, and 
wooden waste crates. The hazardous materials, in many cases, may be located in the same 
containers as radioactive materials. Information regarding containerized waste may be obtained 
fi-om the Site-wide Waste and Environmental Management System (WEMS) database or 
equivalent facility databases. These databases contain characterization information for each waste 
container including: waste type; container type; Item Description Code (DC) or Waste Form 
code (WFC) designation; assigned Environmental Protection Agency @PA) waste codes; and 
waste compatibility codes. 

The process chemicals category includes chemicals that have been introduced into 
processes that were suspended or never activated or have been introduced into current operating 
processes. Process 
chemicals, in some cases, may contain radioactive materials. Information about process chemicals 
is generally determined by interviews with facility personnel. 

Any chemical holdup in solution piping is included in this category. 

The product or bulk chemical category includes chemicals that are planned for use and are 
currently being stored in the facility. BuIk chemicals are not contaminated with radioactive 
materials. Information about bulk chemicals may be obtained from the Site-wide Integrated 
Chemical Management System (ICMS) database or equivalent facility databases. 

The in situ hazardous materials category includes hazardous materials that exist in the 
facility as part of structure (e.g., iead-base paints located on walls and floors; asbestos containing 
ceiling panels, floor tiles, or walls; polychlorinated-biphenyl (PCB) containing equipment like 
fluorescent lighting or transformers). In general, in situ hazardous materials are fixed in place 
and, in some cases, may be contaminated with radioactive materials. 
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Hazardous chemicals and other materials in the facility that are identified as being in one 
of the four hazardous material categories are screened against: (1) the Threshold Planning 
Quantity (TPQ) values listed in List of ReguIated Substances and Thresholh for Accidental 
Release Prevention, 40 CFR 355 (Ref 12); (2) the Threshold Quantity (TQ) values listed in 
Process Safety Management (I'M) of Highly Hmardous Chemicals, 29 CFR 19 10.1 19, 
(Ref 13) and Risk Management Programs for Chemical Accidental Release Prevention, 
40 CFR 68, (Ref 14); and (3) the Reportable Quantity (RQ) values listed in List of Hazardous 
Substances and Reportable Quantities, 40 CFR 302 (Ref. 15). Hazardous materials potentially 
found in waste management facilities are listed in Appendix D of the SARAH (Ref 9) along with 
TPQ, TQ, and RQ values. If the quantity of' the hazardous material in the facility is below TPQ, 
TQ, and RQ values, the material does not require further evaluation. 

For hazardous materials that do not have TPQ or TQ values but have RQ values and the 
quantity of material in the facility exceeds the RQ value, qualitative arguments dealing with 
dispersibility and programmatic controls associated with the hazard are used to complete the 
hazard evaluation. These types of hazardous materials, in general, only pose threats to the IW 
and/or the environment and not to the CW or the public. 

For hazardous materials with facility quantities in excess of specified TPQ or TQ values, a 
quantitative evaluation of accidental releases of the material is pedormed. Determinations are 
made of chemical concentrations at the CW and MOI receptor locations using Site-accepted 
chemical dispersion modeling tools as identified in the SARAH (Ref 9). 

For IW consequences, a qualitative judgment of acute toxicological effects is made. 
Scenario related effects (e.g., burns fi-om fires, injuries fiom energetic events) are discussed in the 
accident scenario summaries but are not included in the determination of the scenario risk class. 

0 

Toxicological consequences corresponding to the High, Moderate, and Low consequence 
bins identified in Table 4-1 are defined by the comparison criteria developed in 
DOE-STD-3011-94 and shown in Table 4-4. Toxicological consequence bin thresholds for the 
MOI and CW are defined in terms of Emergency Response P h i n g  Guideline (ERPG) values, 
published by the American Industrial Hygiene Association (Ref 16). These guidelines include a set of 
three numbers (ERPG-1, ERPG-2, and ERPG-3) that quantifj the t& concentrations for each 
chemical, corresponding to low, m&rate, and severe health effects in humans exposed to the chemical 
concentration €or up to one hour. The "up to one hour" guideline in the definition of ERPGs is 
interpreted to mean "peak 15-minute average" by the Energy Facility Contractors Group (EFCOG) 
Non-radiological Hazardous Materials Safety Analysis Subgroup. Concentrations of the various 
chemicals are calculated at the receptor locations and mmpared to the assigned ERPG values (or 
altemative values) in order to determine a consequence bin assignment in accordance with Table 4-4. 
The Toxic ChemicaI Hazard CIassc$?c&'on and Risk Acceptance Cuidelines for Use in DOE 
Fmilities (Ref 17) discusses alternative standards for cases where no ERPG value has been assigned. 
As stated above, toxicological consequences for the IW are determined qualitatively; therefore, 
the toxicological consequence bin thresholds for the IW are defined qualitatively. 
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~~ 

MODERATE 

Table 4-4 Chemical Toxicological Consequence Bin Thresholds 

not applicable not applicable serious injury 

HIGH 

LOW 

I concentration>EFWG-2 I mncentratioon>ERPG-3 I promptdeath I 

concentration 5 ERPG-2 concentration < ERPG-3 C MODERATE 
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Hazard Identification and Description 

1. HighVoltage 

5. HAZARD IDENTIFICATION AND DESCRIPTION 

Electrical systems or components that have voltages greater than 600 V, includmg 
AC electric power distribution systems fiom Site power. 

Yes 

This section identifies the radioactive materials and other hazardous materials present in 
waste management facilities as well as identiflmg hazards and energy sources that may contribute 
to a radiological and/or toxicological release. Initial hazard identification for waste management 
facilities was accomplished by reviewing radiological and other hazardous material inventories 
currently in the facilities, by interviewing facility personnel for additional hazardous materials that 
may be present during the conduct of waste management activities, by performing facility 
walkdown inspections, and by reviewing previously DOE approved waste management facility 
AB documents. 

2. Explosive Substances 

3. DirectRadiation 
Sources 

4. Radioactive 
I 

Materials 

5. ThermalEnergy 

6. Pressure Sources 

A standardized general hazard identification checklist presented in the SARAH was used 
to iden* the general hazard categories present in waste management facilities. The SARAH 
describes the checklist and its application. The hazards specific to waste management facilities 
and operations are identified in the general hazard checklist shown in Table 5-1. Of the 13 hazard 
categories appearing on the general checklist, 12 hazards were found to be present in one or more 
waste management facilities. 

Explosive devices or chemicals that are being prepared or used in explosive devices 
(e.g., blasbng caps, squibs, dynamite) as designated in 49 CFR 173.50 (Ref 18); 
does not include potentially explosive gases or chemicals. 

Sources that produce ionizing radiation at a known level (e.g., X-ray machines, waste 
assay equipment, accelerators, sealed sources). 

Radioactive materials that are dupersible (ie., require low energy for release); does 
not include sealed sources or nontransferable contamination. 

Hazards that are capable of producing bums, Starting fires, causing undesired 
chemical reactions, or producing hazardous vapors, includmg hot surfaces. 

High-pressure systems (liquid or gas) that are capable of rupturing, producing 
damapg missiles, or hazardous mate-rial dispersal energy, includmg compressed air 
used as a facility utility and standard compressed gas bottles. 

The general hazards identified in Table 5-1 are summarized in more detail in Table 5-4. 
The hazard description in the table and the corresponding text provides sufficient detail to jus* 
the classification of identified hazards as Standard Industrial Hazards @e., hazards that only lead 
to occupational injuries or illnesses and that have limited impact on postulated accident initiation 
frequency, accident mitigation, and accident consequences). Standard Industrial Hazards are 
considered to be sufficiently controlled by the Safety Management Programs ( S M p s )  listed in the 
Safety Management Programs sectiodchapter of individual AB documents and are not analyzed 
M e r .  Hazards that have not been classified as Standard Industrial Hazards are carried forward 
into the Safety Analysis. 

Table 5-1 Waste Management Facility General Hazard Identification Checklist 

No 

Yes 

Yes 

Yes 

Yes 
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Hazard Identification and Description 

1 1. Material Handlug 

Table 5-1 Waste Management Facility General Hazard Identification Checklist 

Operations that involve umtinuous handling of materials (e.g., waste mntainer 
receipt and sh ipa t ) .  

Yes 

7. Kineticlergy 

Materials or chemicals that are of unknownnature (e.g., unmarked containers). 

Hazard or concan that does not fit into a specific hazard categoly, (e.g., areas with 
high combustible lo-, areas with high levels of contaminaton, areas particularly 
susceptible to natural phenmem, shock sensitive chemicals, explosive gases). 

8. Potentiallergy 

Yes 

Yes 

9. Hazardouschemicals 
or Materials 

10. Inadequate 
Ventilation 

Moving or rotating equipment that is capable of breachg hazardous material 
containers or producing damagmg missiles. 

Systems, components, or situations that have stored enw, includmg chemical 
systems (e+, large battery banks), electrical systems (e.g., large capacitor banks); or 
mechanical systems or situations (e.g., large elevated masses, raised waste 
containen). 

Chemicals or materials that are considered toxic, noxious, or otherwise hazardous 
(e.g.. RCRAlisted, TSCAlisted). 

Areas or rooms that are suscephble to low or inadequate ventilation where 
flammable gases, hazardous vapors, or asphyxiants may accumulafe (e.g., confined 
sP=). 

Yes 

Yes 

Yes 

Yes 

12. unknownor 
UnmarkedMaterialS 

13. OtherHazards 

Table 5-4 lists the twelve general hazards identified in waste management facilities and 
specifies more detail for each hazard. General hazard characterization information dealing with 
hazard attributes such as description, form, and packaging are provided in the table and further 
discussed in the corresponding hizard sub-section text. 

Some hazards are only present for specitic activities or situations (e.g., kinetic energy 
associated with forklifts is only applicable when the forklifts are behg used). The table identilies 
those activity modules fi-om Section 1.4, Wzste Management Activities, of this NSTR to which a 
specific hazard may be applicable. Applicable activity modules are defined as a set of activities 
that can create or interact with specific identified hazardenergy souice. Acronyms for activity 
modules that are used throughout the remainder of the Safety Analysis are defined in Table 1-1. 

Two general classes of hazards may exist in waste management facilities: (1) dispersible 
hazards (e.g., radioactive material, hazardous chemicals) that must be contained or confined to 
protect receptors; and (2) hazards that can potentially act on the containment or confinement of 
other hazards (e.g., moving equipment, combustibles). The hazardous components of 
non-dispersible hazards that can impact the IW (e.g., high voltage electricity, moving equipment) 
but cannot impact the CW or the public are considered to be addressed by Site programs and are 
not the focus of the hazard evaluation process. This hazard evaluation process presumes that 
hazardous, dispersible materials are contained in packages that may be susceptible to breach by 
mechanical, chemical, or thermal means. The process also presumes that the dominant dispersible 
hazards deal with radioactive materials and will only address chemical hazards in cases where 
significant quantities, relative to specified TQs or TPQs, are available for release. 

Revision 0 
1 OB9 

5-2 



Hazard Identification and Description 

Table 5-4 and the explanatory text iden* a set of candidate general protective features 
that can be used to reduce the risk associated with the specified hazard for those hazards that are 
determined to be Standard Industrial Hazards. The approach used in the determination of 
protective features associated with a hazard focuses on how the hazard potentially interacts 
mechanically, chemically, or thermally with the containment or confinement barriers for hazardous 
materials. In addition, a set of worker safety protective features is identified for each hazard 
characterized as a Standard Industrial Hazard, which will not be further evaluated. For IW safety, 
three levels of protection are always addressed, even if no protection exists for the level: 
(1) physical barriers around or dealing with the hazard that can protect the worker (e.g., fences, 
shielding); (2) general classes of protective equipment for the worker (e.g., protective clothing, 
breathing devices); and (3) administrative imposed requirements to protect the worker 
(e.g., postings, lockouthgout). The set of protective features for IW protection is not intended 
to be a complete listing. Rather, protective features covering those aspects of the hazard that are 
considered to place the IW at most risk are listed. 

0 

Each of the specified features that is credited in making the determination that the hazard 
is a Standard Industrial Hazard wiU have a corresponding Site S M P  identified as the credited 
program. Acronyms corresponding to Site SMPs that are used in the following tables are defined 
in Table 5-2. For hazards that are canied forward in the Safety Analysis, the entry under the 
“Credited Protective Features” column of Table 5-4 is ADB (Analyzed in Detail Below). 

An indication of the general types of accident scenarios associated with Non-Standard 
Industrial Hazards is provided in the “Remarks” column of Table 5-4. For each hazard that is to 
be carried forward in the Safety Analysis, potential accident scenarios involving the hazard or 
caused by the hazard are identified. Seven general types of accident scenarios are used to 
characterize the spectrum of analyzed events. The seven accident scenario types are listed and 
defined in Table 5-3. The table addresses the accident types in terms of events involving 
radioactive materials but the general accident scenario types could also be applied to other 
hazardous materials (e.g., chemicals). 

0 
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ORG 
CONFIG 
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Organization and Management 
Configuration Management 

Hazard Identification and Description 

COOP 
CRlT 

Table 5-2 Acronyms for the Site Safety Management Programs 

Conduct of Operations 
criticality safety 

EP 
FIRE 
HMP 
INS 
NUC 
OR 

PROC 

Emergency Preparedness 
Fire Protection 
Hazardous Material Protection 
Industrial safkty 

Nuclear safety 
occurrence Reporting 
Procedures 

QA 
RAD 

TRAIN 

QualityAssurance 
Radiation Protection 
TIainiIlE 

~ 

TS&M I Testing, Surveillance, and Maintenance 
I WMEP I Waste Management and Environmental Protection I 

WORK I ~orkcontrol , 
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Table 5-3 General T-ypes of Accident Scenarios in Safety Analysis 

Material Fire 

Facility Fire 

spill 

puncture 

container 
Explosion 

Facility Explosion 

This accident scenario type is used to m e r  fires caused by pyrophoric radioactive material 
exposures to air (i.e., container breach). Waste management facilities wil l  handle 
containers containing pyrophoric radioactive metals as part of the SH activity and as 
required to support the conduct of the CC, CR, and RT activities (e.g., movement of 
containers prior to performing work). This type of fire is distinguished from the “Facility 
Fire” scenario type due to the iniliating event mechanism differences (i.e., more spill-like 
than fire-like). 

This accident scenario type is used to address fires occurring within the waste management 
facility that can be caused or exacerbated by the conduct of the SH, CC, CR, RT, GN, and 
RA activities (e.g., mixing incompatiile chemicals, errors while performing hot work, 
introduction of combustiile material). 

This accident scenario type is used to cover spills of conlined radioactive material as the 
result of radioactive material container drops during the handling and storage of the 
containers under the conduct of the SH activities, as requmd to support the conduct of the 
CC, CR, RT, and GN activities (e.g., movement of materials prior to performing work), and 
due to inadvertent contact with containers during the conduct of the RA activities 
(e.g., vehicle contact with containers during movement of %on-hazardous” materials for 
construction). 

This accident scenario type is used to cover punctures of containers containing radioactive 
material as the result of radioactive material container contact with forklift tines during the 
handling of the containers under the conduct of the SH activities, as required to support the 
conduct of the CC, CR, and RT, activities (e.g., movement of materials by forklift prior to 
performing work), and due to inadvertent contact with containers during the conduct of the 
RA activities (e.g.. forklift contact with containers during movement of “non-hazardous” 
materials for construction). This type of spill is distingmhed from the “Spill” scenario type 
to draw attention to the spill resistance of the Type B shipping containers and the POC 
versus the Type B shipping containers and the POC susceptiiility to puncture events. 

This accident scenario type is used to cover waste container hydrogen explosions as a result 
of the handling of the containers under the conduct of the SH activity, as required to support 
the conduct of the CC, CR, RT, and GN activities (e.g., movement of containers prior to 
performing work), and due to inadvertent contact with containers during the conduct of the 
RA activities (e.g., vehicle contact with containers during movement of “non-hazardous” 
materials for conshuction). This type of explosion is distinguished from the “Facility 
Explosion” scenario type due to the initiating event mechanism differences (i. e. , container 
movement can lead to container explosion where the introduction of flammable gas is 
needed for facility explosion). 

This accident scenario type is used to address explosions occuRing within the waste 
management facility that can be caused by the conduct of the FU activities (e.g., errors 
while using propane) and can impact radioactive material containers associated with the 
SH, CC, CR, GN, and RT activities. 
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Table 5-3 General Types of Accident Scenarios in Safety Analysis 

Criticality This accident scenario type is used to cover radioactive material criticalities as a result of 
the rearrangement of containers under the conduct of the SH activities and as required to 
support the conduct of the CC, CR, GN, RT, and R4 activities (e.g., movement of 
containers prior to performing work), and as a result of other accident scenarios initiated by 
a m  of the activities. 
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RA 

Table 5-4 Waste Management Facilities Hazard Description Summary 

HAZARD CONTROL 
Current configuration control 
Combustible control 

IW PROTECTION 
Fenced area, insulated enclosure 
Insulated clothing & equipment 
Work control, postings, training, 
lockouthagout 

1. HIGH VOLTAGE: 

k 13.8kV 
Transformers transformers for 

converting Site 
power(13.8kV) to 
facility power 
(4809-  

3. DIRECT RADIATION SOURCES: 

A. Sealed Sources 

B. Radiation 
Generating 
Equipment 

Site standard 
instrument 
calibration sources 

e.g., Real Time 
Radiography 
units, drum and 
crate counters, 
portable 
iridium-192 
source 

Site standard 
sealed source 
packaging 

Shielded 
containment 

Standard Industrial Hazard 
Transformers located away from any waste storage locations; 
No identifed mechanism for interaction with radioactive materials. 

Credited SMPs: CONFIG, FIRE; INS; PROC; TRAIN; and WORK 

Lower voltage electric power is considered in Safety Analysis as fue 
initiators (see THERMAL ENERGY). 

HAZARD CONTROL 
Source package 

IW PROTECTION 
Shielding 
Dosimetry, leaded clothing 
Source inspection, source package quality, 

source use evaluation, source control 
postings, work control, ALARq trainin& 

HAZARD CONTROL 
Current configuration control 

IW PROTECTION 
Deviceshielding 

' Interlocks 
Dosimety 
Device inspection, postings, work control, 
training. device control 

Standard Industrial Hazard 
Used for instrument calibration including portable equipment; 
Sealed sources, while containing radioactive material, pose no risk to 
CW or public due to packaging. 

Credited SMPs: ORG, INS; PROC; QA; RAD, W, TS&M, and 
WORK 

Standard Industrial Hazard 
Used for Non Desttuctive Testing (NDT); 
Radiation generating devices, while producing radiation, poses no risk 
to CW or public due to separation distances. 

Credited SMPs: ORG; CONFIG; INS; PROC; RAD, TRAM, and, 
WORK 

I 
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Table 5-4 Waste Management Facilities Hazard Description Summary 

I. DIRECT RADIATION SOURCES: (continued) 

2. Radiation From 
StoredlStaged 
Waste 
Containers 

e.g., Radioactive 
contamination on 
waste 

4. RADIOACXIVE MATERIALS: 

A. Category I and 
I1 SNM 

B. Containerized 
Radioactive 
Waste 

c. InProcess 
Radioactive 
Waste, and/or 
Newly 
Generated 
Radioactive 
Waste 

Uranium, 
plutonium metals, 
or plutonium 
oxides 

Plutonium, 
americium, or 
uranium 
contaminated 
waste 

Plutonium, 
americium, or 
uranium 
contaminated 
waste 

Approved onsite 
shippjng 
contamers; 
55-gal drum, 
S WB, metal 
waste box 

Approved DOT 
Type B shipping 
containers 

Approved on-site 
shipping 
containers; 
55-gal drum, 
SWB, metal 
waste box, POC 

Approved on-site 

containers; 
55-gal drum, 
SWB, metal 
waste box 

SkPPFg 

HAZARD CONTROL 
Wastecontainers 
Current configuration control 

IW PROTECTION 
Shielding 
Protective clothing and equipment, 
dosimetry 

. Maintenance work evaluation, area 
surveys, radiation work permits, work 
control, postings, ALARA, training 

ADB 

ADB 

ADB 

Standard Industlial Hazard 
Stordstaged containers that contain radioactive material pose small 
risk to CW and no risk to the public due to packaging and separation 
distance. 

Credited SMPs: ORG; CONFIG; IN& PROC; RAD, TRAIN, and 
WORK. 

Considered in Safety Analysis as radioactive material source for 
material fie, facility f i ,  spill. puncture, facility explosion, and 
criticality events. 

Includes containers with up to the following Weapons Grade 
Plutonium (WG Pu) Equivalent value: 6 kilograms 

Considered in Safety Analysis as radioactive material source for 
facility fi, spill, puncture, container explosion, facility explosion, 
and criticality events. 

Includes containers with up to the following Weapons Grade 
Plutonium (WG Pu) Equivalent values: 0.5 grams (LLW drum), 3 
grams ( U W  box), 200 grams (TRU drum), 320 grams (TRU box), 
1,255 grams (POC), 320 grams (repackaging glovebox), 320 grams 
(contamination cell) 

Considered in Safety Analysis as radioactive material source for 
facility f i ,  spill, puncture, container explosion, and facility 
explosion. 

RMRS WMF Safety 



Hazard Identification and Description 

D. Contamination 
Outside Filtered 
Enclosuresl 

Table 5-4 Waste Management Facilities Hazard Description Summary 

e.g., Limited Not applicable 
radioactive 
material on drums, 

HAZARD CONTROL 
No container opening 

IW PROTECTION 
confiiemenis 
Dosimetry, respiratory protedion, 

. contamination protection clothing 
Maintenance work evaluation, area 
surveys, radiation work permits, work 
control, postings, ALARA, training 

5. THERMAL ENERGY: 

A Heated Water 

B. Flammable 
Gases 

Water at <2Ol0F 

e.g.. Propane and 
acetylene gas used 
for some 
maintenance 
activities (propane 
storage tanks 
above and near 
facility), Natural 
gas used for 
facility heating 
boilers 

Insulated steel 
Piping 

Limited capacity 
gas cylinders; 
Large capacity 
steel tanks, Steel 
Piping 

HAZARD CONTROL 
Current configuration control 

IW PROTECTION 
Piping, insulation 
Non-absorbent thermal protection clothing 
System inspectiodmonitoring, maintenance 
work evaluation, work control, labeling, 

- training 

ADB 

Standard Industrial Hszard 
Levels of contamination have been negligible on drums, building 
structure, and removed HEPA filters (fillers treated as LLW); 
No risk posed to the CW or the public horn contamination. 

Crediid SMPs: PROC; RAD, TRAIN, TS&M, WMEP; and WORK 

Standard Industrial Hazard 
No potential for initiation of fues; 
No risk posed to the CW or the public, IW risk only. 

Credited SMPs: ORG, CONPIG, INS; PROC; TRAIN, TS&M, and 
WORK 

Considered in Safety Analysis as material fm, facility fm, and 
facility explosion initiatordprecursors. 
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Hazard Identification and Description 

Table 5-4 Waste Management Facilities Hazard Description Summary 

5. THERMAL ENERGY: (continued) 

C. Hot Work (not 
involving 
flammable 
P e s )  

D. Pyrophoric 
Materials 

E. Electric Power 
System 

F. Electric Heaters 

0. Diesel 
Generator, Day 
Tank, Batteries 

e.g., Welding, 
grinding, cutting 

Uranium or 
plutonium metal 
pads and uranium 
fines 

e.g., Wiriig, 
switchgear, motors 

Moderate size 
room heaters 

e.g., A256kW 
generator, diesel 
engine, 180-gallon 
diesel fuel oil day 
tank, starting 
batteries 

Standard 
welding 
zquipmenf 

Loo1 

Approved DOT 
Type B shipping 
containers and a 
IO-gal drum ' 

Not applicable 

dandard power 

Not applicable 

Not applicable 

ADB 

ADB 

HAZARD CONTROL 
System maintenance 
Current configuration control 
Combustible control 

IW PROTECTION 
Elevation, heater enclosures 

System inspectiodmonitoring, maintenance 
Thermal protection & insulated clothing 

work evaluation, work control, p o w ,  
training, lockouthagout 

HAZARD CONTROL 
Systemmaintenance 
Current configuration control 
Combustible control 

IW PROTECTION 
Separate & locked facility 

System inspediodmonitoring, maintenance 
Thermal protection & insulated clothing 

work evaluation, work control, postings, 
training 

Considered in Safety Analysis as material f i ,  facility fire, and 
racility explosion initiatorslprecursors. 

Considered in Safety Analysis as a material fm initiator/precursor. 

Considered in Safety Analysis as material f i ,  facility fire, and 
facility explosion initiatorslprecursors. 

Standord Industrial Hazard 
Due to heaters typically being located at ceiling heights they are not 
considered to be a significant fire initiator, electric power system fire 
initiators considered to bound heater risk, 
No risk posed to the CW and the public beyond that posed by loss of 
power events. 

Credited SMPs: ORG; CONFIG; FIRE, INS; PROC; T W ,  
TSLM, and WORK 

Standard Industrial Hazard 
No radioactive material releases associated with waste management 
facility fies; 
No risk posed to the CW and the public beyond that posed by loss of 
power events, 1W risk only. 

Credited SMPx ORG; CONFIG; FIRE, INS; PROC; TRAIN, 
TSBtM; WMEP; and WORK. 

NSTR-0 
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Table 5-4 Waste Management Facilities Hazarc 

H. Transport 
Vehicles 

Hazard Identification and Descriution 

e.g.. Standard Not applicable SH See Site S A R  (Ref. 2) 
diesel-fueled 
trucks and cargo 

Considered in Site S A R  Safety Analysis (Ref. 2) as a facility fue 
initiator/prwrsor. Not addressed in NSTR-006-99. 

Description Summary 

I trailers I 
I 6. PRESSURE SOURCES 

A. Compressed 

Compressors 
Air. 

B. Hydraulic 
Equipment 

C. Compressed 
Gas Cylinders 

D. WaterLines 

Revision 0 
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Compressors up to 
130 psi, 

90 psi normal 
operating pressure 

Air systems up to 

e.g., Drum 
crusher, dmm 
lifting device, 
waste box tipper, 
construction 
equipment 

various 
~. 

Up to 80 psi 
normal operating 
pressure 

Piping and 
compressors 

Not applicable 

Standard 
compressed gas 
bottles 

Steel piping 

HAZARD CONTROL 
Current configuration control 

IW PROTECTION 
Piping, components, relief valves 
Eyeshields 
System inspectiodmonitoring, maintenance 
work evaluation, work control, labeling, 
training, lockouthagout 

HAZARD CONTROL 
LLWrestriction 
Current configuration control 

IW PROTECTION 
Components 
Eyeshields , , 

Component inspection, maintenance work 
p ' evaluation, work control, training 

ADB 

HAZARD CONTROL 
Current configuration control 

IW PROTECTION 
Piping, relief valves 
System inspectiodmonitoring, maintenance 
work evaluation, work control, labeling, 
training 

5-1 1 

Standard Industrial Hazard 
No radioactive material release associated with air system failures due 
to relatively low system pressures, radioactive material container 
stmgth, and radioactive material proximity; 
No risk posed to the CW and the public, IW risk only. 

credited SMPS: OR&CONFIG; INS; PROC; TRAIN, TS&M 
WMEP; and WORK. 

Standard Industrial Hazard 
Levels of contamination have been negligible on dmm to be crushed 
but output treated as LLW, 
No risk posed to the CW or the public tlom contamination. 

Credited SMPs: CONFIG; INS; PROC, TRAIN, TS&M, WMEP; 
and WORK. 

Considered in Safety analysis as a puncture initiator/precursor. 

Standard Industrial Hazard 
No potential for radioactive material release due to relatively low 
pressures; 
No risk posed to the CW or the public, IW risk only. 

Credited SMPs: CONFIG; INS; PROC; TRAIN, TSBtM, and 
WORK. 

' .  
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Hazard Identification and Description 

Table 5-4 Waste Management Facilities Hazard Description Summary 

A. Raisedor 
Suspended 
Loadddaterial 

7. KINETIC ENERGY 

e.g., Forklifts, 
drum lifters, 
overhead cranes 
and hoists, 
hoisting and 
rigging equipment 
and accessories 
(slings, lifting 
devicea, shackles, 
eyebolts, 
turnbuckles, etc.) 

A Vehicles, 
Material 
Handling 
Equipment 

containers; 
55-gal drum, 
SWB, metal 
waste box, POC 

B. Rotating 
Machinery & 
Tools 

RA 

C. Suspended 
Loadddaterial 

Eledric forklifts, 
diesel forklifts 
used outside, 
hand ,mntrolled 
lifts 

e.g., Fans, pumps, 
compressors, 
rotating cutting 
tools, bag cut 
spinners, drum 
crusher 

e.g., Overhead 
cranes and hoists, 
hoisting and 
rigging equipment 
and accessories 
(slings, lifting 
devices, shackles, 
eyebolts, 
turnbuckles, etc.) 

Not applicable 

Not applicable 

Varies 

ADB 

HAZARD CONTROL 
Current configuration control 

IW PROTECTION 
Component enclosures, speed governors 
Eye shields, non-loose clothing 
System inspectiodmonitoring, tool 
inspections, postings, lockouthagout, 
maintenance work evaluation, training 
work control 

ADD 

Considered in Safety Analysis as material fm, spill, and puncture 
initiatordprecursors. 

Standard Industrial Hazard 
Rotating machinery is not located near any significant quantities of 
radioactive material and poses no risk to the CW and the public; 
Tools may be used near radioactive materials but insufficient energy 
to cause container damage and poses no risk to the CW and the 
public. 

Credited SMPs: OR@, CONFIG; INS; PROC, TRAIN, TSCM, 
WMEP; WORK 

Considered inthe Safety Analysis as material spill initiatodprecursor. 

Approved on-site I SH. I ADB I Considered in the Safety Analysis as material spill initiator/precursor. 
shipping I RT* I 

5-12 NSTR-006-99 



Hazard Identification and Description 

B. Stacked Waste Waste drums up to Approved on-site 
Containers four high and &PPFk! 

wade boxes up to contamers; 
two high 55-gal drum, 

SWB, metal 
waste box, POC 

Table 5-4 Waste Management Facilities Hazard Description Summary 

SH ADB 

6 General ' 

Industrial 
Chemicals; Bulk 
or Process 
Chemicals below 
Thresholds of 
Concern (ie.,  
TPQs listed in 
40 CFR 355 or 
TQs listed in 
40 CFR 68 and 
29 CFR 
1910.1 19) 

B. Bulk, Process, or 
Waste Chemicals 
Potentially 
Exceeding 
Thresholds of 
Concern (i.e., 
TPQs listed in 
40 CFR 355, or 
TQs listed in 
40 CFR 68 and 
29 CFR 
1910.119) 

e.g., Laboratory 
chemids, paints, 
developer fluid, 
sealers, 
maintenance 
supplies, air 
conditioner 
refrigerant 

eg., Cupric 
Chloride, 
Dihydrate 
exceeding RQ 
threshold of 
10 pounds 

standard 
containers: 
drums, vials, 
bottles, bags, 
cans, etc. 

Standard 
chemical 
container 

HAZARD CONTROL 
Chemical package 
Qudtycontrol 
Current contiguration control 

IW PROTECTION 
Protedive clothing, eyewash & safety 
showers, respirators 
Chemical inventory, area restrictions, area 
surveys, maintenance work evaluation, 
work control, postings, training 

Considered in individual facility -specific AB 
documents on a caseby-case basis due to the 
potential variability amongst waste management 
facilities. 

Considered in the Safety Analysis as material spill initiator/precursor. 

~ ~~ 

Standard Industrial Hazard 
Chemical inventoria are below evaluation thresholds and pose no risk 
to the CW and the public, IW risk only. 

Credited SMPs: ORG, CONFIG, INS; PROC; TRAM, TS&M, 
WGEP; and WORK. 

Considered in individual facility -specific AB documents on a 
casebycase basis due to the potential variability amongst waste 
management facilities Generally, ifa chemical exceeds the 40 CFR 
302 RQ but is below a defmed TQ or TPQ or doesn't have a defmed 
TQ or TPQ, it is a Standard Industrial Hazard (See HazardlEnergy 
Source 9A above). 

i:' 
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Hazard Identification and Description 

Table 5-4 Waste Management Facilities Hazard Description Summary 

3. TOXIC, HAZARDOUS, OR NOXIOUS CHEMICALS: (continued) 

2. RCRA 
Hazardous 
Waste 

D. Beryllium 

e. Asbestos 

P. Polychlorinated 
Biphenyls 
(PCBs) 

Hazardous 
chemical 
contaminated 
waste 

e.g.. Parts, 
Beryllium 
contaminated 
Waste 

e.g., Ceiling tiles, 
floor tiles, walls, 
piping insulation; 
waste containers 

e.g., Transformer 
fluids lighting 
ballasts 

Approved on-site 
shipping 
containers; 
55-gal drum, 
S WB, metal 
waste box 

Approved on-site 
shipping 
containers; 

SWB, metal 
waste box 

55-gal drum, 

Not applicable; 
approved on-site 
shipping 
containers; 
55-gal drum, 
SWB, metal 
waste box 

Transformer and 
lighting ballasts 

HAZARD CONTROL 
Current configuration control, waste 
containedpackaging, RCRA permit 
control requirements 

IW PROTECTION 
Work control, postings, training 

HAZARD CONTROL 
Current material form control 

IW PROTECTION 
Protective clothing 
Area restrictions, area surveys, 
maintenance work evaluation, work 
control, postings, training 

HAZARD CONTROL 
Current configuration control, waste 
containers 

IW PROTECTION 
Protective clothing, respirators 
Area restrictions, area surveys, 

control, postings, training 
. maintenance work evaluation, work 

HAZARD CONTROL 
Current configuration control, waste 
containers 

1W PROTECTION 
Protective clothing 
Maintenance work evaluation, work 
control, postings, training 

Standard Industrial Hazard 
Chemical control and the RCRA waste management program are 
relied upon to mitigate the consequenoas to the IW of the hazard, 
No risk posed to the CW and the public; 
RCRA wastes e x d i n g  thresholds of concern are addressed in 
Hszard/Energy Souroe 9B. 

Credited SMPs: ORG; INS; PROC; TRAIN, WMEP; and WORK. 

Standard Industdal Hazard 
Beryllium located in idenMied waste containers; 
No risk posed to the IW, the CW, and the public due to form of 
material. 

Credited SMPs: INS, PROC; TRAIN, WMEP; and WORK 

Standard Industrial Hazard 
Asbestos abatement is relied upon to mitigate the consequences to the 
1W ofthe hazard, 
No risk posed to the CW and the public. 

Credited SMPs: ORG; CONPIG; INS; PROC; TRATN, TSBM, 
WMEP; and WORK. 

Standard Industrlal Hazard 
Chemical control and TSCA waste management programs aki relied 
upon to mitigate the consequences to the 1W of the hazard; 
No risk posed to the CW and the public. 

Credited SMPs: CONFIO; INS; PROC; TRAIN, TSBM, WMEP and 
WORK. 

i9 ' NSTR-0 
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Hazard Identification and Description 

SH, 
GN, 
RA 

Table 5-4 Waste Management Facilities Hazard Description Summary 

HAZARD CONTROL 
Area surveydmonitoring 
Current configuration control 

IW PROTECTION 
Controlled access, locked doors 
Breathingair 
Area restrictions, area surveys, work 
control, postings, training 

9. TOXIC, HAZARDOUS, OR NOXIOUS CHEMICALS: (continued) 

G. Lead 

H. Batteries 

I. Diesel Fuel 
(Gasoline) 

e.g., Batteries; 
paints, sealant 

e.g., Lead acid 
batteries for diesel 
support; 
nickel-cadmium 
batteries for tenant 
activities; 
standard 
emergency 
lighting and panel 
batteries 

e.g., Daytanks, 
aboveground, 
tanks; gasoline 
fie1 tank for drum 
crusher motor 

10. INADEQUATE VENTILATION: 

A. Unventilated 
Areas 

Revision 0 
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Following loss of 
ventilation, 
tunnels and 
basements 
become confined 
spaces 

Not applicable 

Not applicable 

Tanks 

Not applicable 

HAZARD CONTROL 
Current configuration control, waste 
containers 

1W PROTECTION 
Protectiveclothing 
Area restrictions, area surveys, 
maintenance work evaluation, work 
control, posting, training 

HAZARD CONTROL 
Component package 

IW PROTECTION 
Protective clothing, eyewash & safety 
showers 
Component iqipections, work control, 
training 

HAZARD CONTROL 
Approved storage tanks 

IW PROTECTION 
Posting, work control, training 

5-15 

Standard Industrial Hazard 
Chemical control and RCRA waste management programs are relied 
upon to mitigate the consequences to the IW of the hazard; 
No risk posed to the CW and the public. 

Credited SMPs: ORG; CONFIO; INS; PROC; TRAM, TSCM, 
WMEP and WORK. 

Standard Industrial Hazard 
Waste management programs are relied upon to mitigate the 
consequences to the IW ofthe hazard, 
No risk posed to the CW and the public. 

Credited SMPs: INS; PROC; TRAIN; WMEP; and WORK. 

Standard Industrial Hazard 
Health and safety programs are relied upon to mitigate the 
consequences to the 1W of the hazard, 
Fire safety programs are relied upon to control the fm hazard (see 
THERMAL. ENERGY and OTHER HAZARDS); 
No risk posed to the CW and the public. 

Credited SMPs: INS; PROC, TRAM, and WORK. 

Standard Industrial Hazard 
Health and safety programs are relied upon to mitigate the 
consequences to the IW ofthe hazard, 
No risk posed to the CW and the public. 

Credited SMPs: OR@ CONFIG; INS; PROC; TRAIN; WMEP; and 
WORK. 

I 
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Table 5-4 Waste Management Facilities Hazard Description Summary 

ADB 

11. MATERIAL HANDLING 

Considered in Safety Analysis as material fire, spill, and puncture 
initiatorslprecursors. 

A. Handling, 
Transfer, and 
Shipment of 
Waste 
Containers 

A. Wastetobe 
Repackaged 

Removinfloading 
waste containers 
!lodon transport 
vehicles; moving 
waste containers 
between dock and 
storage location; 
moving waste 
containers within 
facility for 
inspections, during. 
waste assay, due 
to waste 
generation, or 
removal of specific 
containers 

unknown Poly liner inside 
materials may be rigid liner inside 
the reason for drum 
repackaging the 

Approved on-site 
shipping 
containers, 55- 
gal drum, SWB, 
metal waste box, 
POC. approved 
DOT Type B 
shipping 
containers 

ON, 
RT 

ADB Considered in Safety Analysis as spill and fue initiatodprecursors. 
See HazarWnergy Source 13B. Incompatible Chemicals. 

Sea Hezani/Energy Source 7 4  Vehicles, Material Handling; 
Hazardhergy Source 7C. Suspended Load&faterials; and 
Hazardhergy Source 8 4  Raised or Suspended LoadMaterial. 

I waste I I I I 
13. OTHER HAZARDS: 

Containers capable of 
generating 
flammable gas 

Approved on-site 

containers; 
55-gal drum, 
SWB. metal 

shipping 

waste box, POC 

& RT 

Considered in Safety Analysis as a container explosion 
initiatorlprecursor. 

RMRS WMF Safety 



Hazard Identification and Description 

Table 5-4 Waste Management Facilities Hazard Description Summary 

13. OTHER HAZARDS: (continued) 

B. Incompatible 
Chemicals 

C. Battery 

Stations 
charging 

D. Structure 
Degradation 
and Leakage 

E. Diesel Fuel 
(Gasoline) 
Storage Tank 
Combustibles 

F. Floor Loading 

Incompatible 
(reactive) 
chemicals may be 
packaged together 
in a waste 
container 

Battery chargers 
for forklift 
batteries 

Cracks in tunnel 
wall with ground 
water in-leakage 
and potential 
structural 
degradation 

eg.. Day tanks, 
aboveground, 
tanks, gasoline 
he1 tank 
associated with 
drum crusher 
motor 

Stacked waste 
storage areas over 
basement open 
areas 

Approved on-site 

containers; 
55-gal drum, 
SWB, metal 
waste box, POC; 
repackaging 
glovebox 

Not applicable 

shipping 

Not applicable 

Tanks 

Not applicable 

ADB 

HAZARD CONTROL 
Current codiiguration control 
Combustible control 

IW PROTECTION 
Component enclosure 
Protective clothing. eye shields 
Component inspections, wo& control, 
postings, training. IockouUtagout 

ADB 

t 

HAZARD CONTROL 
Systemmaintenance 
Current configuration control 
Hot work control 

1W PROTECTION 
Separate facility, locked facility 
System inspectiodmonitoring, maintenanca 
work evaluation, work control, postings, 
training 

ADB 

Considered in Safety Analysis as fue, spill, and explosion 
initiatordprecursors. 

Standard Industrial Hazard 
Charging stations typically located in an area without radioactive 
material storage or separated from waste containers; 
Explosions or fm h m  chargers or batteries is isolated from waste 

No risk posed to the CW or the public. 

Credited SMPs: CONFIC; FIRE, INS; PROC; TRAIN, WMEP; and 
WORK. 

Considered in Safety Analysis as material fue, spill, and puncture 
initiatodprecursors. 

containers by interior walls and/or separation; ., . 

Standard Industdal Hazard 
Diesel he1 is located in areas without radioactive material storage; 
Fires from diesel he1 are isolated from waste containers by exterior 
walls; 
No risk posed to the CW or the public. 

Credited SMPs: ORG, CONFIG; FIRE, INS; PROC; T m ,  
TSBM, WMEP; and WORK. 

Considered in Safety Analysis as material fm, spill, and puncture 
initiatordprecurson. 

I Revision 0 
10199 1 7J- 

5-17 NSTR-006-99 
RMRS WMF Safety Analysis 



Hazard Identification and Descrbtion 

Table 5-4 Waste Management Facilities Hazard Description Summary 

I 
13. OTHER HAZARDS: (continued) 

ADB G. Combustibles 

H. Natural 
Phenomena or 
External Event 

72 

e.g., Wooden 
pallets, plywood 
sheets, ofice area 
combustibles, 
miscellaneous 
flammable 
chemicals 

e.g., Seismic 
events, 

tornadoes, 
heavy rain, heavy 
snow, flooding, 
Geezing. lightning, 
aircraft crash, 
range fues 

high winds, 

Flammable 
chemicals in 
flammable liquid 
storage cabinets, 
not applicable 
for other 
combustibles 

Approved DOT 
Type B shipping 
containers. 
Approved on-site 

contamers; 
55-gal drum, 
SWB, metal 
waste box, POC 

SZPPFg 

Combustibles or various types may exist at times within the waste 
storage faciliq, 

Considered in Safety Analysis as a facility fue initiator/precursor and 
propagator. 

Considered in Safety Analysis as material f i ,  spill, puncture, and 
facility fdexplosion initiatodprecursors. 

(seismic events, high winds, tornadoes, and heavy snow can 
potentially impact natural gas lineshoilers leading to explosion). 

ADB 
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Hazard Identification and DescriDtion 

5.1 HIGH VOLTAGE (HAZARDENERGY SOURCE 1) 

13.8kV Transformers (Sub-hazard 1 A) 

Numerous 13.8 kV to 480 V transformers (typical size) are located throughout the site to 
support waste management facility activities. The transformers present a sigdicant electrical 
hazard that potentially can initiate fires and electrocute personnel. The transformer areas are 
generally cleared but grasses (ie., potential for external event range fire) are located near some of 
the transformer enclosures. No radioactive materials are located close enough to the transformers 
to be impacted by transformer-related hazards and, therefore, the hazard associated with the 
transformers is considered a Standard Industrial Hazard and will not be further evaluated. 
However, low voltage electric power systems are located in areas containing radioactive material 
and are potential fire initiators (see Section 5.4). 

Protective features credited in the determination that electric transformers are a Standard 
Industrial Hazard are: 

0 

0 

0 Administrative - lockout/tagout, postings, training, work control [INS, PROC, 

Separation from hazardous materials [CONFIG] 
Combustible control - separation from combustibles FIRE] 
Physical barriers - fenced areas, insulated enclosures [INS] 

TRATN, WORK] 

5.2 DIRECT RADIATION SOURCES (HAZARDENERGY SOURCE 3) 

Sealed Sources (Sub-hazard 3A) 

Sealed sources are radioactive material sources that may be stored witbin source lockers 
and vaults in waste management facilities. Sealed sources are typically used to calibrate 
equipment and devices in waste management facilities in support of CR activities. The sources 
present a radiation hazard that potentially can yield signiscant personnel radiation exposures. The 
sources, in most cases, contain relatively small amounts of radioactive material. The sources are 
considered a Standard Industrial Hazard due to the rigor associated with source packaging. 
These hazards will not be further evaluated. 

Protective features credited in the determination that sealed sources are a Standard 
Industrial Hazard are: 

Containment - source packaging [INS] 
Physical barriers - source packaging, shielding [INS, RAD] 

0 Protective equipment - dosimetry, leaded clothing [PAD] 
Administrative - source inspection, postings, source package quality, ALAL4, source 
use evaluation, source control training, work control, [ORG, INS, PROC, QA, RAD, 
W, TS&M, WORK] 
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Hazard Identification and Description 

Radiation Generatinv EauiDment (Sub-hazard 3B) 

Radiation generating equipment (Sub-hazard 3B) is typically located in waste management 
facilities in which non-destructive testing (NDT) of waste is performed as part of CR activities. 
Radiation generating equipment presents an ionizing radiation hazard that potentially can yield 
sigdicant personnel radiation exposures. Due to the distance separating the radiation generating 
equipment from the CW and the public, radiation generated by the device poses no risk to either 
receptor. For this reason, radiation generating equipment is considered a Standard Industrial 
Hazard and will not be M e r  evaluated. 

Protective features credited in the determination that radiation generating equipment is a 

0 Current configuration control [CONF'IG] 
0 

Standard Industrial Hazard are: 

Physical baniers - device shielding [INS, RAD] 
0 Protective equipment - dosimetry [RAD] 
0 Administrative - device inspection, device control, postings, work control, training 

[ORG, INS, PROC, RAD, WORK, TMlNJ 

Radiation from Stored/Staged Waste Containers (Sub-hazard 3 C) 

The storage and staging of radioactive materials in waste management facilities presents a 
direct radiation hazard that can potentially affect the IW and CW radiation exposures. Due to the 
separation of radioactive materials for the CW and the public and stringent compliance with 
ALARA principles, the radiation fiom storedstaged waste containers hazard is considered a 
Standard Industrial Hazard and will not be fiuther evaluated. 

Protective features credited in the determination that radiation fiom storeustaged waste 
containers is a Standard Industrial Hazard are: 

0 Current configuration control -waste containers, separation [CONFIG] 
0 Physical barriers -shielding V S ,  RAD] 
0 Protective equipment - protective clothing and equipment, dosimetry mS, RAD] 
0 Administrative - maintenance work evaluation, area surveys, radiation work permits, 

postings, ALARq work control, training [ORG, INS, PROC, RAD, WORK, TRAINI 

5.3 RADIOACTIVE MATERIALS (HAZARDmNERGY SOURCE 4) 

Category I and II SNM (Sub-hazard 4A) 

Part of the waste management mission is to receive, stage, and then transfer on-site or ship 
off-site DOT approved, TypeB shipping containers containing Category1 and II quantities of 
plutonium, uranium, andor americium metals and/or oxides. Cunrently, this activity is only 
performed at the Building991 Complex. The radioactive materials present a sigdicant 
radiological hazard that potentially can yield IW, CW, and public radiation exposures. Release 
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mechanisms for the material include: (1) exposure of pyrophoric material to atmosphere with 
subsequent fires; (2) material involvement in non-pyrophoric, facility fires; (3) material 
involvement in container spill events, (4) material involvement in container puncture events, 
( 5 )  material involvement in facility explosion events, and (6) criticality events. Many of these 
release mechanisms are expected to be precluded due to the rigor of the TypeB shipping 
container. The TypeB shipping containers containing Category1 or 11 SNM are not opened. 
Exposure of pyrophoric material to the atmosphere is also expected to be precluded since the 
receipt of SNM will comply with the requirements specified in l-W89-HSP-31.11 (Ref. 19), 
on-site transportation procedures, and Department of Transportation (DOT) procedures which 
limit the amount of known pyrophoric material. The quantity of WG Pu or uranium in the Type B 
shipping container varies for each container. Category I SNM requires two or more kilograms of 
plutonium metal or six or more kilograms of plutonium oxide. The Category1 and 11 SNM 
hazard is further evaluated and the protective features are identified in later sections of this report. 

0 

Containerized Radioactive Waste (Sub-hazard 4B) 

Part of the waste management mission is to receive, store, and then transfer on-site 
transportation approved shipping containers containing plutonium, uranium, and/or americium 
contaminated wastes. The radioactive materials present a si@cant radiological hazard that 
potentially can yield IW, CW, and public radiation exposures. Release mechanisms for the 
material include: (1) exposure of pyrophoric waste metal to atmosphere with subsequent fires; 
(2) material involvement in non-pyrophoric, facility fires; (3) material involvement in container 
spill events, (4) material involvement in container puncture events, ( 5 )  hydrogen generation in 
containers with subsequent container explosion events, (6) material involvement in facility 
explosions, and (7) criticality events. Contaminated waste material shipping containers are not 
opened unless they are located within a HEPA-filtered enclosure/area. The quantity of WG Pu or 
uranium in the waste shipping container varies for each container type. The maximum fissile 
material loading (in terms of WG Pu equivalent dose impact) for each analyzed container is shown 
in Table 5-5 and is based on: (1) upper-bound quantities for containers within the defined waste 
category, in the case of LLW containers; (2) container, glovebox, or fissionable material limits 
imposed by Criticality Safety in the case of TRU waste containers other than POCs; and 
(3)container fissionable material limits imposed by Criticality Safety in combination with a 
maximum planned americium loading, in the case of POCs. Table 5-5 is presented to support 
development of accident scenarios (to determine the effective MAR) and should not be 
interpreted as Nuclear Material Safety Limits (NMSLs) for the Site. 

Conservative assumptions dealing with damage ratios, inventories, and container contents 
that go into the MAR estimate for accident scenarios are expected to cover several variations of 
drum totals and stacking arrangements. The waste container hazard is further evaluated and the 
protective features are identified in later sections of this report. 

The chemical and physical forms of the containerized wastes vary, but are categorized by 
the Item Description Code (IDC) or Waste Form Code (WFC) assigned to them. The wastes are 
contaminated primarily with WG Pu. Uraniumcontaminated wastes may be found at the Site but 
are not explicitly evaluated; WGPu postulated release evaluations are used to bound similar 
scenario releases involving uranium due to the sigmficantly higher DCF associated with plutonium 0 
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55-gallon waste drum 

POC 
wooden box 
TRUPACT II SWB 

55-gallon waste drum 

versus uranium. Some of the wastes may be contaminated with higher concentrations of 
americium than normally found in WG Pu from the decay of "'Pu to 241Am. This Safety Analysis 
will address the issue of americium in waste containers and will idenGfjl appropriate controls 
associated with the material. 

LLW 0.5 grams 

TRUwaste 200 grams 

LLW 3grams 
TRU waste 1,255 grams 

TRUwaste 320 grams 

Table 5-5 Analyzed Waste Container Material Loading 

In Process'Radioactive Waste. Newlv Generated Radioactive Waste (Sub-hazard 4C) 

It is assumed that waste management facilities handle radioactive material containers of 
various types on a regular basis. No identified contamination of any sigmficance is present in the 
facilities outside HEPA-filtered enclosuredareas. However, repackaging activities increase the 
likelihood of contamination events within HEPA-filtered enclosures/areas. The radioactive 
materials present a radiological hazard that potentially can yield IW, CW, and public radiation 
exposures. Release mechanisms for the materials include: (1) contaminated materials involved in 
fire events, (2) contaminated materials involvement in spill events, (3) contaminated materials 
involved in puncture events, and (4) hydrogen generation in containers with subsequent container 
explosion events. The in-process radioactive waste and newly generated radioactive waste hazard 
is further evaluated and the protective features are identified in later sections of this report. 

Contamination Outside Filtered Enclosures/Areas (Sub-hazard 4D) 

Waste management facilities handle radioactive material containers of various types on a 
regular basis. No identified contamination of any sigdicance is present in the facilities outside 
HEPA-filtered enclosuredareas. No waste containers and TypeB shipping containers are to be 
opened in a waste management facility unless they are located within a HEPA-filtered 
enclosurdarea. Therefore, the generation of any new contamination is limited to accidental spills 
outside of a HEPA-filtered enclosure/area. The limited radioactive contamination potential 
outside of containers or HEPA-filtered enclosuredareas presents possible personnel radiation 
exposures. HEPA filters in plenums and drums processed through the drum crushing activity are 
treated as LLW and have the potential to contain small amounts of contamination. Based on the 
experience from past operation of waste management facilities and the requirements for opening 
containers in a waste management facility, contamination outside of waste containers or outside 
HEPA-filtered enclosuredareas is considered a Standard Industrial Hazard with no risk posed to 
the CW or the public and will not be further evaluated. 
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Protective features credited in the determination that . radioactivecontamination is a 0 Standard Industrial Hazard are: 

Containment of contamination - no container opening outside of HEPA-filtered 
enclosures/areas [WMEP] 

0 Physical barriers - confinements w] 
0 Protective equipment - dosimetry, respiratory protection, contamination protection 

Administrative - maintenance work evaluation, area surveys, radiation work permits, 
postings, ALAR4, training, no container opening outside of HEPA-filtered 
enclosure/area, work control [PROC, RAD, TRAIN, TS&M, WMEP, WORK] 

clothing [RAD] 

5.4 THERMAL ENERGY (HAZARDENERGY SOURCE 5) 

Heated Water (Sub-hazard 5A) 

Heated water is used for heating various waste management facilities (including associated 
support buildings). Heated water lines present a thermal hazard that can potentially burn facility 
personnel but is not a potential fire initiator since the temperature of the water is less than 201°F. 
No radioactive materials are located close enough to heated water lines to be impacted by thermal 
hazards associated with hot water and, therefore, the thermal hazard associated with heated water 
is considered a Standard Industrial Hazard and will not be further evaluated. 

Protective features credited in the determination that heated water is a Standard Industrial 
Hazard are: 

0 
0 Current configuration control - limitation on temperature, separation fiom hazardous 

materials [CONFIG] 
0 Physical barriers - piping, insulation [INS] 
0 Protective equipment - non-absorbent thermal protection clothing [INS] 
0 Administrative - system inspectionlrnonitorhg, maintenance work evaluation, labeling, 

training [ORG, INS, PROC, TRAIN, TS&M, WORK] 

Flammable Gases (Sub-hazard 5B) 

Natural Gas - natural gas boilers are used to heat water for portions of some waste 
management facility heating systems. The natural gas lines to the boilers are typically above 
ground making them susceptible to physical damage. Failure of the boilers or natural gas lines 
could result in: (1) exposure of pyrophoric waste metal to atmosphere with subsequent fires due 
to a ~ t u r a l  gas explosion in proximity to containers; (2) facility fires involving natural gas; and 
(3) facility explosions involving natural gas. 

Propane, Acetylene - as part of waste management facility operations, flammable gas 
torches may be used for pipe brazing or other tasks. A small, hand-held torch is the expected 
flammable gas component. Torch use is not expected to be a fiequent activity, but some use is 0 
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expected. Locations for use are not defined but may include waste storage areas. Flammable 
gases associated with the torch could result in: (1) exposure of pyrophoric waste metal to 
atmosphere with subsequent fires due to a propane explosion in proximity to containers; 
(2)facility fires involving direct container exposure to torch flame; and (3)facility explosions 
involving flammable gases. In addition, propane storage tanks are located near several waste 
management facilities (e.g., on elevated terrain west of the Building 991 Complex and east of 
Building 906) and may pose a hazard to these facilities if breached. 

The flammable gas hazard is further evaluated and protective features are identified in later 
sections of this report. 

Hot Work (not involving flammable gases) (Sub-hazard 5C) 

In addition to Sub-hazard 5B, other activities could be performed in waste management 
facilities that generate heat or sparks that could become fire initiators (e.g., welding, grinding). 
Hot work is not expected to be a frequent activity, but some hot work is expected. Locations for 
use are not defined but may include waste storage areas. Hot work could result in: (1) ignition of 
combustible materials (Sub-hazards 5B and 13G) resulting in a fire that impacts nearby containers 
or enclosures; and (2) facility fires involving direct exposure of hot work to containers or 
enclosures. 

The hot work hazard is further evaluated and protective features are identified in later 
sections of this report. 

Pvrophoric Materials (Sub-hazard 5D) 

Part of the waste management mission, specifically the Building991 Complex, is to 
receive, stage, and then ship DOT approved, TypeB shipping containers containing Category1 
and 11 quantities of plutonium or uranium metal. Uranium metal fines may also be stored in waste 
management facilities (typically stored in 10-gallon drums). The radioactive metals and fines are 
potentially pyrophoric and may spontaneously ignite when exposed to atmosphere. The 
pyrophoric materials present a si&cant radiological hazard that potentially can yield IW, CW, 
and public radiation exposures following the ignition and burning of the radioactive material as 
covered by material fires in this Safety Analysis. Type B shipping containers (for Category I and 
11 quantities of plutonium or uranium metal) and waste drums (for uranium fines) provide 
protection against the exposure of the pyrophoric material to air. The Type B shipping containers 
and the waste containers are not opened in the waste management facilities unless in an inert 
atmosphere. The pyrophoric radioactive material hazard is further evaluated and the protective 
features are identified in later sections of this report. 

Electric Power Svstem (Sub-hazard 5E) 

Electric power Wiring and electrical components exist throughout waste management 
facilities. Failure of the electric power system by shorts or Ioss of insulation could result in: 
(1) exposure of pyrophoric waste metal to atmosphere with subsequent fires due to ignition of an 
explosion in proximity to containers; (2) ignition of facility fires involving combustibles; and 
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(3) ignition of facility explosions involving flammable gases. The electric power system hazard is 
Wher  evaluated and the protective features are identified in later sections of this report. 0 
Electric Heaters (Sub-hazard 5F) 

Some portions of the waste management facilities do not have heating support from the 
heated water system and alternative means for conditioning the air in the locations are required. 
Electric heaters are utilized to maintain proper temperatures in these areas. The electric heaters 
present thermal and electrical hazards that can potentially result in the initiation of a fire, burn 
personnel, and electrocute personnel. The electric heaters are typically ceiling-mounted reducing 
the associated thermal and fire initiation hazards including the effects on waste containers 
potentially stored in the same room as the electric heater(s). General fire initiation fiequencies 
corresponding to electric power system failures and personnel errors are used in this Safety 
Analysis and bound any fire initiation fi-equency contribution related to the elevated heaters and 
stored waste containers. Therefore, the thermal, fire initiation, and electrocution hazard 
associated with the electric heaters is considered a Standard Industrial Hazard and will not be 
further evaluated. 

Protective features credited in the determination that hazards associated with electric 
heaters are Standard Industrial Hazards are: 

0 System maintenance [TS&M] 
Current configuration control - separation fiom hazardous materials and combustibles 
[CONFIG, FIRE, WMEP] 

0 Physical barriers - elevation, heater enclosures [INS] ' 

0 Protective equipment - thermal protection clothing, insulated clothing W S ]  
Administrative - system inspectiodmonitoring, maintenance work evaluation, work 
control, postings, training [ORG, FIRE, INS, PROC, TRAIN, TS&M, WORK] 

- 
Diesel Generator, Day Tank Batteries (Sub-hazard 5G) 

Some waste management facilities may be supported by a backup power diesel generator 
and associated auxiliary equipment. A typical configuration includes a diesel generator, a day 
tank containing up to 180 gallons of diesel &el, and starting batteries. This combined set of 
equipment presents t h e d  and electrical hazards that can potentially result in the initiation of a 
fire, burn personnel, and electrocute personnel. No radioactive materials are located in or near 
diesel generators. Fires initiated by diesel generators and auxiliary equipment could impact 
electric power supply to the supported facility, but the frequency associated with the loss of 
electric power is dominated by other electrical. system failure modes. Therefore, the thermal, fire 
initiation, and electrocution hazard associated with diesel generators and auxiliary equipment is 
considered a Standard Industrial Hazard and will not be M e r  evaluated. 

Protective features credited in the determination that diesel generators, day tanks, and 
batteries are Standard Industrial Hazards are: 

0 Maintenance of system barriers [TS&M] 
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0 Current configuration control - separation fi-om hazardous materials and combustibles 
[CONFIG, FIRE, WMEP] 

0 Physical barriers - separate facility, locked facility [ORG, CONFIG] 
Protective equipment - thermal protection clothing, insulated clothing W S ]  

0 Administrative - system inspectiodmonitoring, maintenance work evaluation, work 
control, postings, training [ORG, FIRE, INS, PROC, TRAIN, TS&M, WORK] 

Transport Vehicles (Sub-hazard 5H) 

Part of the waste management mission is to receive and ship off-site DOT approved, 
Type B shipping containers containing Category I and II quantities of plutonium, uranium, andor 
americium metals and/or oxides and on-site transfer of approved containers containing plutonium, 
uranium, and/or americium contaminated wastes. Also, various non-radioactive material 
deliveries and shipments will occur as part of normal operations and tenant activities. The use of 
transportation vehicles during the conduct of these receipt and transfer/shipment activities 
presents a potential flammable material hazard fiom the diesel or gasoline fbels in the vehicles and 
an ignition source fiom the hot Surfaces of the vehicles that can lead to facility fires. In 
conjunction with the radioactive material receipt and transfer/shipment, radioactive material 
containers are located on or in proximity to the transport vehicles. Transport vehicle hazards and 
potential accident scenarios are M e r  evaluated in the Site S A R  @ef 2) and are not evaluated in 
this NSTR. 

5.5 PRESSURE SOURCES (HAZARD/ENERGY SOURCE 6) 

Compressed Air. Compressors (Sub-hazard 6A) 

Various waste management facility equipment (e.g., crate counter air table, RTR units) is 
supported by air compressors and corresponding pressurized air tanks and piping. Shutoff air 
pressure for the air compressors is typically between 80 and 90 pounds per square inch. This 
combined set of equipment presents pressure hazards that can potentially result in the generation 
of missiles @e., pieces of equipment traveling at high velocity due to air system rupture) and 
personnel injury. Pressurized piping could be located throughout a facility, including through 
waste storage areas; however, the compressors and the air tank are not located in close proximity 
to stored waste containers. Due to the relatively low pressures associated with air compressor 
systems and auxiliary equipment, the pressure hazard is considered a Standard Industrial Hazard 
and will not be M e r  evaluated. 

Protective features credited in the determination that compressed air systems and 

Current configuration control - limitation on pressure, separation fiom hazardous 
materials [CONFIG, WMEP] 

0 Physical barriers - piping, components, relief valves WS] 

compressors are Standard Industrial Hazards are: 

Protective equipment - eye shields [INS] 
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Administrative - system inspectiodmonitoring, maintenance work evaluation, work 
control, labeling, training, lockout/tagout [ORG, INS, PROC, TRAM, TS&M, 
WORK] 

0 
Hydraulic Equipment (Sub-hazard 6B) 

Hydraulically operated equipment may be used to support waste management operations. 
Hydraulically operated equipment includes such items as a drum crusher, a drum lifter, forklifts, 
and various construction equipment. Some hydraulically operated equipment, for example 
forklifts, may interface with other hazards identified in Table 5-4 (see Sub-hazards 4B and 4C) 
and could become an accident initiator/precursor. Hydraulically operated equipment as an 
accident initiator/precursor to spills and punctures is considered in the evaluation of Sub-hazards 
4B and 4C. Hydraulic fluid as an accident initiator/precursor to fires is considered in the 
evaluation of facility fire scenarios. 

Drums treated using the drum crusher are classified as LLW but generally have negligible 
contamination. The relatively high pressures associated with the drum crusher and the low levels 
of contamination present a pressure hazard and a contamination hazard (see Sub-hazard 4D). The 
pressure hazards associated with the use of hydraulically operated equipment are considered 
Standard Industrial Hazards and will not be further evaluated. 

Protective features credited in the determination that hydraulic equipment is a Standard - -  

Industrial Hazard are: 

0 Limitation on contamination - LLW restriction for drums processed by the drum 
crusher [WMEP] 
Current configuration control - separation fiom hazardous materials [CONFIG, 

Physical barriers - equipment components [INS] 
Protective equipment - eye shields [INS] 
Administrative - component inspection, maintenance work evaluation, work control, 
training [INS, PROC, TRAM, TS&M, WORK] 

W P I  

Compressed Gas Cvlinders (Sub-hazard 6C) 

Compressed gas cylinders may be brought into waste management facilities (flammable 
compressed gases are addressed as Sub-hazard 5B). Nitrogen and oxygen are the most likely 
types of gases that will be used, but use of other gases is possible. The compressed gas is not 
expected to be a frequent activity, but some use is expected. Locations for use are not dehed 
but may include waste storage and handling areas. The compressed gases could result in 
punctures of containers or enclosures due to the energy released if a gas cylinder valve were 
accidentally sheared off. The compressed gas bottles hazard is M h e r  evaluated and the 
protective features are identified in later sections of this report. 
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Water Lines (Sub-hazard 6D) 

Water is supplied for fire suppression systems in several waste management facilities. The 
water enters facilities covered by a suppression system fiom the Site supply system at a nominal 
preskre of 80 psi. The water is then distributed throughout the facility for fire suppression needs. 
Due to the relatively low pressures associated with lire suppression systems, the pressure hazard 
is considered a Standard Industrial Hazard and will not be further evaluated. 

Protective features credited in the determination that fire water lines are a Standard 
Industrial Hazard are: 

0 Current configuration control - limitation on pressure [CONFIG] 
0 Physical barriers - piping 

Administrative - system inspectiodmonitorhg, maintenance work evaluation, labeling, 
training [INS, PROC, TRAIN, TS&M, WORK] 

5.6 KINETIC ENERGY (HAZARD/ENERGY SOURCE 7) 

Vehicles. Material Handlinp Eauipment (Sub-hazard 7A) 

Part of the waste management mission is to receive and ship off-site DOT approved, 
Type B shipping containers containing Category I and II quantities of plutonium, uranium, and/or 
americium metals and/or oxides and to receive and transfer on-site approved shipping containers 
containing plutonium, uranium., and/or americium contaminated wastes. Also, various 
non-radioactive material receipts, transfers, and shipments will occur as part of normal operations 
and tenant activities. The use of material handling equipment or vehicles during the conduct of 
these receipt, transfer, and shipment activities presents a potential kinetic energy hazard fiom the 
movement and mass of the equipment. The equipment can impact staged TypeB shipping 
containers, staged waste containers, or stored waste containers that could result in: (1) exposure 
of pyrophoric waste metal to atmosphere with subsequent fires due to container breach; (2) spill 
of container contents following impact-induced events; and (3) spill of container contents 
following puncture of the container or enclosures. The vehicles, material handling equipment 
hazard is fiuther evaluated and the protective features are identified in later sections of this report. 

Rotating Machine? & Tools (Sub-hazard 7B) 

Rotating machinery may be located in various areas of the waste management facilities. 
No significant quantities of radioactive material beyond contamination levels are located close 
enough to rotating machinery to. be impacted by the kinetic energy hazards associated with the 
machinery. Some rotating tools (e.g., drills, saws) may be used during the conduct of 
construction and maintenance tasks but contain insufficient energy to cause failure of radioactive 
material containers except by direct application of the tool to the container. TINS latter hazard is 
considered sabotage and is not addressed in this Safety Analysis. Therefore, the kinetic energy 
hazard associated with rotating machinery and tools is considered a Standard Industrial Hazard 
and will not be further evaluated. 
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Protective features credited in the determination that rotating machinery and tools are a 

Current coApat ion  control - separation fiom hazardous materials for fixed 
machines [CONFIG, WMEP]; maintenance work evaluation and work control for 
tools [TS&M, WORK] 

0 Physical barriers - component enclosures, speed governors [INS] 
Protective equipment - eye shields, non-loose clothing [INS] 
Administrative - system inspectiodmonitorhg, tool inspections, postings, 
lockout/tagout, maintenance work evaluation, training, work control [ORG, INS, 
PROC, TMIN, TS&M, WORK] 

0 Standard Industrial Hazard are; 

Susuended LoadsMaterial (Sub-hazard 7C) 

Overhead lifting devices (e.g., overhead bridge cranes, hoist) will be used in several waste 
management facilities to move heavy objects including waste containers. It is possible that a 
suspended load could be moved or jerked with enough energy to impact a nearby enclosure, such 
as a glovebox, or waste material container(s) resulting in breaching material confinement. Such 
failures could result in a spill and subsequent radiological and/or toxicological release. The 
suspended loads/materials hazard is further evaluated and the protective features are identified in 
later sections of this report. 

5.7 POTENTIAL ENERGY (HAZARDlENERGY SOURCE 8) 

Raised or Susuended LoadsMaterial (Sub-hazard 8A) 

Part of the waste management mission is to receive and ship off-site DOT approved, 
Type B shipping containers containing Category I and 11 quantities of plutonium, uranium, andor 
americium metals and/or oxides and to receive, handle, and transfer on-site approved containers 
containing plutonium, uranium, and/or americium contaminated wastes. The use of forklifts and 
drum lifting devices during the conduct of these receipt, handle, transfer, and shipment activities 
presents a potential energy hazard (i.e., potential for dropping of containers) fiom the raising of 
the loads. Type B shipping container loads on forklifts are generally not required to be raised to 
any height above that necessary to clear floor obstructions but the potential exists for stacking 
Type B shipping containers to a second tier during actual transport vehicle loading and unloading 
procedures. This second tier stacking hazard is not a threat to TypeB shipping containers. 
Waste container loads on forklifts may be required to be raised to heights fllfficient to allow for 
stacking of the containers (Le., up to four high for drums and up to two high for boxes). Waste 
drum loads may be located on pallets containing up to 4 containers. A drum lifting device will be 
used to move materials into repackaging gloveboxes. These raised loads on forklifts or drum 
lifting devices present a potential energy hazard that could result in: (1) exposure of pyrophoric 
waste metal to atmosphere with subsequent fires due to container drops and breach; and (2) spill 
of container contents following drop events. 
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Overhead lifting devices (e.g., overhead bridge cranes, hoist) will be used in several waste 
management facilities to move heavy objects including waste containers. It is possible that a 
suspended load could be dropped onto a glovebox or on waste material container@) resulting in a 
breach to material confinement. Such failures could result in a material spill and subsequent 
radiological and/or toxicological release. Drops of loads onto confined radioactive material 
containers are considered in the Safety Analysis as a spill initiator/precursor. The lifting devices 
are indirectly considered in the analysis of seismic events as part of the debris that may fall onto 
stored waste containers. 

The raised or suspended loaddmaterial hazard associated with the use of forklifts and 
drum handling devices is M e r  evaluated and the protective features are identified in later 
sections of this report. 

Stacked Waste Containers (Sub-hazard 8 s )  

Part of the waste management mission is to store on-site transportation approved shipping 
containers containing plutonium, uranium, and/or americium contaminated wastes. Waste 
container storage may require stacking of up to 4 drums or 2 boxes in some locations. The waste 
drums may be located on pallets containing up to 4 containers. These stacked waste containers 
present a potential energy hazard that could result in: (1) exposure of pyrophoric waste metal to 
atmosphere with subsequent fires due to container falls and breach; and (2) spill of container 
contents following falling events. The stacked waste containers hazard is further evaluated and 
the protective features are identified in later sections of this report. 

5.8 TOXIC, HAZARDOUS, OR NOXIOUS MATERIALS 
(HAZARD/ENERGY SOURCE 9) 

General Industrial Chemicals. Bulk or Process Chemicals below Thresholds of Concern 
{Sub-hazard 9A) 

General industrial chemicals and other non-radioactive bulk or process chemical 
inventories in waste management facilities consist of a wide variety of materials due to the 
numerous tenant activities that have been andor continue to be conducted. Some chemicals are 
no longer being used and will be removed over time as excess chemicals. Some chemicals are 
currently being used as part of facility operations and tenant activities. Since the Safety Analysis 
would only be concerned with chemical inventories exceeding TQ or TPQ threshold quantities, 
chemicals that exist in quantities below the threshold quantities are considered a Standard 
Industrial Hazard. Bulk, process, and waste chemicals that exceed or have the potential to exceed 
a TQ or TPQ threshold quantity are addressed in Sub-hazard 9B below. 

Protective features credited in the determination that general industrial chemicals, bulk 
chemicals, or process chemicals below thresholds of concern are Standard Industrial Hazards are: 

Containment - chemical packaging D S ]  
Physical baniers - chemical packaging [INS] 
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Current configuration control - separation fiom radioactive materials [CONFIG, 
W P I  
Protective equipment - protective clothing, eyewash and safety showers, respirators 
ms1 
Administrative - chemical inventory, area restrictions, area surveys, postings, 
maintenance work evaluation, training, work control [ORG, INS, PROC, W, 
TS&M, WORK] 

Bulk. Process. or Waste Chemicals Exceeding Thresholds of Concern (Sub-hazard 9B) 

Non-radioactive bulk, process or waste chemical inventories in waste management 
facilities potentially consist of a wide variety of materials due to the numerous tenant activities 
that have been and/or continue to be conducted. Some chemicals are no longer being used and 
will be removed over time as excess chemicals. Some chemicals are currently being used as part 
of facility operations and tenant activities. Chemical inventories exceeding TQ or TPQ threshold 
quantities have the potential to affect the IW, the CW, and the public in the event of an 
inadvertent or accidental release. Bulk, process, and waste chemicals that exceed or have the 
potential to exceed a TQ or TPQ threshold quantity are evaluated further in individual AB 
documents on a case-by-case basis. 

RCRA Hazardous Waste (Sub-hazard 9C) 

RCRA hazardous waste potentially includes toxic metals, corrosive liquids, and organic 
solvents in s d  quantities that present no potential safety or health hazard such as fire, 
explosion, or chemical exposue above the normal operating conditions in the work area. 
Information regarding containerized wastes is obtained fiom the Site-wide WEMS database or 
equivalent facility databases. Such databases contain characterization information on each waste 
container including: identihation number, waste type, container type, IDC or WFC designation, 
assigned EPA waste codes, waste compatibility codes, and location by building and room. For 
containerized wastes characterized as RCRA hazardous, it is not always possible to determine 
exact chemical quantities since the actual chemical constituents are not always known and waste 
inventories continuously change. Since the Safety Analysis would only be concerned with waste 
chemical inventories exceeding TQ or TPQ threshold quantities, waste chemicals that exist in (or 
are thought to exist in) quantities below the threshold quantities are considered a Standard 
Industrial Hazard. Hazardous chemicals in RCRA waste containers that can be determined and 
that exceed a TQ or TPQ threshold quantity are addressed in Sub-hazard 9B above. 

a 

Protective features credited in the determination that RCRA hazardous waste is a 
Standard Industrial Hazard are: 

Containment - waste containers/packaging [INS] 
Physical barriers - waste containers/packaging [INS] 
Current configuration control - RCRA permit control requirements W P ]  
Protective equipment - protective clothing, eyewash and safety showers, respirators 
[INS1 
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0 Administrative -postings, training, work control [ORG, INS, PROC, TRAIN, WORK] 

BewUium (Sub-hazard 9D) 

Beryllium metal parts are located in multiple 55-gdon drums in Room 158 of Building 
991 (classified vault). The amount of beryllium is greater than the RQ threshold of 10 pounds. 
Beryllium has no defined TQ or TPQ values. The only possible type of CW or public exposure is 
through inhalation. According to data in the Risk Assessment Idormation System (RAIS), a 
database maintained by the Oak Ridge National Laboratory, (Ref 20), acute toxicity effects occur 
at concentrations above 100 grams of beryllium per cubic meter. Carcinogenic effects of 
beryllium inhalation are related to long-term (i.e., occupational) exposures. It is not expected that 
any accident involving beryllium would result in concentrations at the CW and public exceeding 
100 g/m3. Also, any exposure would be short-term. Therefore, the toxic, hazardous, or noxious 
chemical hazard associated with the beryllium inventory is considered a Standard Industrial 
Hazard and will not be further evaluated. 

Protective features credited in the determination that beryllium is a Standard Industrial 
Hazard are: 

0 Containment - current material form control, waste containerdpackaging [INS, 
-PI 

0 Physical barriers - waste containerdpackaging [INS] 
0 Protective equipment - protective clothing [INS] 
0 Administrative - area restrictions, area surveys, postings, maintenance work 

evaluation, training, work control [INS, PROC, M, TS&M, WORK] 

Asbestos (Sub-hazard 9E) 

Containerized wastes with asbestos may be generated in the waste management facilities. 
Asbestos currently exists in some floor tiling and potentially exists in some ceiling tiles and room 
partitions or walls. The exact amount of asbestos, particularly fiiable asbestos, is not known but 
the fXable ‘asbestos is assumed to exceed the RQ threshold of one pound. Asbestos has no 
defined TQ or TPQ value. The dispersibility of asbestos in the floor tiling and ceiling tiles and in 
waste containers is currently limited, but the asbestos does pose a risk to the lW if the material is 
disturbed. According to RAIS (Ref. 21), the acute toxicity effects associated with inhalation of 
asbestos are temporary breathing dif€iculties. These breathing clifXculties result fiom “high 
concentrations” in an occupational setting. According to RAIS, subchronic and chronic toxicity 
effects are due to long-term exposure (at least six months) in an occupational setting. 
Carcinogenic effects are also related to long-term exposures. Any CW or public exposure to 
asbestos would be short-term and would only be expected, at worst, to cause the acute toxicity 
effects described above. Therefore, the chemical hazard associated with asbestos is considered a 
Standard Industrial Hazard and will not be m e r  evaluated. 

Protective features credited in the determination that asbestos is a Standard Industrial 
Hazard are: 
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0 Containment - current material form control, waste containers/packaging [INS, 
M P I  

0 Physical barriers - waste containers/packaging [INS] - 
Protective equipment - protective clothing, respirators [INS] 
Administrative - area restrictions, area surveys, postings, maintenance work 
evaluation, training, work control [ORG, INS, PROC, TRAIN7 TS&M, WORK] 

Polychlorinated Biphenyls (PCBs) (Sub-hazard 9F) 

Containerized wastes with TSCA-regulated PCBs may be generated in waste management 
facilities but a permit must be obtained for a staging area location prior to generating the waste. 
Controls mandated by TSCA regulations are credited as preventive and mitigative measures 
before the PCBs are transferred to a permanent TSCA storage area different fiom the generating 
facility. PCBs currently exist in the fluids of some transformers and potentially exists in some 
fluorescent lighting fixtures. The exact quantity of PCBs in the waste storage facilities is not 
known, but it is expected that the total quantity in a single facility exceeds the RQ of one pound. 
PCBs have no defined TQ or TPQ values. The PCBs that may exist in the lighting e e s  are not 
readily dispersible but the transformer fluid PCBs can be dispersed. PCBs in waste containers 
could be released during a fire or spill. A fire involving PCBs would volatilize some of the PCBs 
and allow them to be transported away from the immediate area. The volatilized.PCBs could 
result in CW or public exposure through inhalation. According to RAIS (Ref. 22), acute toxicity 
effects expected include anorexia, nausea, edema, abdominal pain, ocular discharge, and burning 
sensations in the skin and eyes, although no specific data exists. Subtonic toxicity effects are 
documented as mild to moderate chlorine in 50% of workers exposed to 0.1 mg/m3 for an average 
of 14.3 months. Suspected carcinogenic effects of PCB inhalation are related to long-term 
(i.e., occupational) exposures. Exposure of both the CW and public would be short-term. Due to 
the low CW and public consequences associated with a chemical release of PCBs, the chemical 
hazard associated with PCBs is considered a Standard Industrial Hazard and will not be further 
evaluated. 

Protective features credited in the determination that PCBs are a Standard Industrial 
Hazard are: 

e, Containment - current c o d p a t i o n  control, waste containers [INS, CONFIG, 
=PI 

0 Physical barriers -waste containers/packaging [INS] 
0 Protective equipment - protective clothing [INS] 
0 Administrative - postings, maintenance work evaluation, training7 work control [INS, 

PROC, TMJN, TS&M, WORK] 

Lead (Sub-hazard 9G) 

Containerized wastes with lead may be generated in waste management facilities but will 
require a RCRA satellite storage area for temporary staging. Controls mandated by RCRA 

Revision 0 
10/99 

5-33 NSTR-006-99 
RMRS WMF safety Analysis 



Hazard Identification and Descriution 

regulations are credited as preventive and mitigative measures before the waste lead is transferred 
to a permanent RCRA storage area different fiom the generating facility. In addition, lead exists 
as shielding for various NDA equipment, in some painted Surfaces ( ie . ,  lead-based paints), and in 
some batteries (see Batteries (Sub-hazard9H)) used in waste management facilities. The lead 
used as shielding and in batteries and paint is relatively difficult to disperse, but the potential exists 
that lead in painted Surfaces could become dispersible as the paint peels fiom the surface as it is 
disturbed. The exact amount of lead in a single facility, particularly dispersible lead, is not known 
but the lead is assumed to exceed the RQ threshold of one pound. Since lead has no defined TQ 
or TPQ value, it can be argued that the dominant risk fiom this hazardous material is to the IW 
andor the environment and the material does not pose a sigtllficant risk to the CW or the public. 
The dispersibility of the lead is currently limited, but the lead may pose a risk to the IW, if the 
material is disturbed. Due to the lack of dispersibility of the material, the toxic, hazardous, or 
noxious chemical hazard associated with lead is considered a Standard Industrial Hazard and will 
not be further evaluated. 

Protective features credited in the detexmination that lead is a Standard Industrial Hazard 
are: 

0 Containment - current configuration control, waste containers/packaging [CONFIG, 

0 Physical barriers - current configuration control, waste containerdpackaging 
[CONFIG, INS] 
Protective equipment - protective clothing W S ]  
Administrative - area restrictions, area surveys, postings, maintenance work 
evaluation, training, work control [ORG, INS, PROC, TRAM, TS&M, WORK] 

INS, WMEP] 

Batteries (Sub-hazard 9Q 

Batteries containing lead exist in waste management facilities. In addition, a RCRA 
satellite storage areas can be used to accumulate spent nickel-cadmium batteries. Controls 
mandated by RCRA regulations are credited as preventive and mitigative measures before the 
nickel-cadmium batteries are transferred to a permanent RCRA storage area different fiom the 
generating facility. The dispersibility of the hazardous constituents of the batteries is relatively 
low and these hazardous materials do not pose a sigmficant risk to the CW and the public. Due to 
the lack of dispersibility of the hazardous materials found in batteries, the toxic, hazardous, or 
noxious chemicals hazard associated with batteries are considered a Standard Industrial Hazard 
and will not be M e r  evaluated. 

Protective features credited in the determination that batteries are a Standard Industrial 
Hazard are: 

Containment - component package, waste containers/packaging [INS, WMEP] 
Physical barriers - component package, waste containerdpackaging [INS, WMEP] 
Protective equipment - protective clothing, eyewash & safety showers [INS] 
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0 Administrative - component inspections, training, work control [INS, PROC, TRAIN, 
WORK] 

Diesel Fuel (Gasoline) (Sub-hazard 91) 

Diesel he1 or gasoline currently exists in diesel generator day tanks and in some gasoline 
powered equipment (e.g., drum crusher gasoline tank) used at waste management facilities. Since 
diesel he1 and gasoline have no defined RQ, TQ, or TPQ values, it can be argued that the 
dominant risk, if any, from these chemicals is to the W andor the environment and the chemicals 
do not pose a significant risk to the CW or the public. The risks associated with the use of diesel 
he1 or gasoline is a commonly accepted risk by the public. Due to the low CW and public 
consequences associated with a chemical release, the toxic, hazardous, or noxious chemical 
hazard associated with diesel fie1 and gasoline is considered a Standard Industrial Hazard and will 
not be further evaluated. 

Protective features credited in the determination that diesel he1 is a Standard Industrial 
Hazard are: 

Physical barriers - approved storage tanks [INS] 
0 Administrative - postings, training, work control [ INS,  PROC, TRAIN, WORK] 

5.9 INADEQUATE VENTILATION (HAZARDlENERGY SOURCE 10) 

Unventilated Areas (Sub-hazard 1OA) 

This hazard consists of areas with limited air interfaces to the outside. Stagnation of the 
air in unventilated areas (including tunnels) is expected but no mechanisms exist for air 
displacement, oxygen depletion, or noxious gas entry. The major concerns would deal with the 
buildup of radon gas and/or asbestos fibers. 

The stagnation of air in confined areas can lead to IW injuries due to asphyxiation or 
noxious gas inhalation, in some cases. The stagnant air has no impact on waste storage containers 
and poses no risk to the CW and the public. Therefore, the inadequate ventilation hazard 
associated with unventilated tunnels and areas is considered a Standard Industrial Hazard and will 
not be further evaluated. 

Protective features credited in the determination that unventilated tunnels and areas are a 
Standard Industrial Hazard are: 
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5.10 MATERIAL HANDLING (HAZARDENERGY SOURCE 11) 

Handling. Transfer. and Shipment of Waste Containers (Sub-hazard 11A) 

Part of the waste management mission is to receive, handle, transfer, and ship approved 
shipping containers containing plutonium, uranium, andor americium contaminated wastes. The 
handling of waste containers within a facility supports waste storage, glovebox operations 
including bagin and bagout, and drum preparation for repackaging. Waste materials will be 
bagged into and out of a glovebox during repackaging activities. Materials generated during 
drum coring operations must be handled and bagged out of a glovebag. Also, HEPA filters in the 
exhaust system for repackaging areas are potentially contaminated and will be changed out using a 
glovebag. As part of waste repackaging activities, waste drums must be moved and prepared for 
introduction into a repackaging glovebox. 

The conduct of material handling activities presents potential hazards that could result in: 
(1) exposure of pyrophoric waste metal to atmosphere with subsequent fires due to container 
breach; (2) spill of container contents due to impact, and (3) spill of container contents following 
puncture events. Material handling hazards are fiuther evaluated under the Vehicles, Material 
Handling Equipment hazard and the Suspended LoadrMaterial hazard discussed in Section 5.6, 
Kinetic Energy (HazardEnergy Source 7), and the Raised or Suspended Loaa3Mzterial hazard 
discussed in Section 5.7, Potential Energy flazardEnergy Source SA). 

5.11 UNKNOWN OR UNMARKED MATERIALS (HAZARD/ENERGY SOURCE 12) 

Waste to be Repackaged (Sub-hazard 12A) 

Some wastes require repackaging due to unknown objects being identified in the waste 
container. Unknown contents may include chemicals that could react if mixed with incompatible 
materials during repackaging operations. The potential effects of the reactive chemicals are 
considered to be bounded by the incompatible chemical hazard. Incompatible chemicals can react 
independent of repackaging operations. Unknown wastes to be repackaged could result in 
(1) fires in enclosures, and (2) spills fiom breach of enclosures due to inadvertent chemical 
reactions. The waste to be repackaged hazard is further evaluated under the Incompatible 
Chemical hazard discussed in Section 5.12, Other Hazara!~ (Hazard Energy Source I3B). 

5.12 OTHER HAZARDS (HAZARDENERGY SOURCE 13) 

Flammable G a s  Generation in Metal Waste Containers (Sub-hazard 13A) 

Part of the waste management mission is to receive, store, transfer and ship approved 
metal, sealed shipping containers containing plutonium, uranium, and/or americium contaminated 
wastes. The radioactive decay of the radiological waste material has the potential to interact with 
hydrogenous waste materials producing hydrogen and oxygen gases. Hydrogen and oxygen 
generation in drums could lead to hydrogen explosion accidents (i.e., container explosions). 
Based on the explosive nature of hydrogen, the hydrogen gas generation hazard bounds the 
generation of other gases that could overpressurize and breach a container (i.e., hydrogen gas 
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pressure could be si@cantly lower than waste container internal failure pressure and stil l  lead to 
container failure as a result of the rapid combustion of the hydrogen). 

The Los Alamos Technology Office report, Plutonium and Uranium Solutions Safety 
Stu@ (Ref 23), documents some early effort to understand the radiolytic hydrogen hazard in 
drums and tanks. USQDs that have evaluated the hydrogen explosion risk associated with the 
handling and storage of drums include: Movement of Drums Containing Unvented Hydogen Gas 
Within Building 37I, USQD-371-95.0170-MDT (Ref. 24); and Movement and Storage of 
55 Gallon Drums in Unfiltered Areas Suspected of Having Hydrogen Accumulated in Drum 
Space, USQD-€UT-95.0180-DSR (Ref. 25). Radiolytic hydrogen generation has been evaluated 
in several technical reports including: Evaluation of Residue Drum Storage Safety Risks 
(Ref 26); and Safety Analysis of Hyhogen Generation in Drums Containing Plutonium 
ContaminatedMateriaZs (Ref. 27). Calculations to predict pressure rise in unvented drums due 
to radiolytic gas generation are contained in Nuclear Safety Calculation, Building 37U374 BIO 
Support Calculation - Explosions, 96-SAE-025 (Ref. 28). Hydrogen explosions in metal waste 
containers generate sufficient pressure to result in the loss of the container lid. A concurrent fire 
involving the waste container contents is judged not to occur following the overpressurization and 
lid loss due to the rapidity and low energy of the excursion (Ref 29). The hydrogen generation in 
metal waste containers hazard is further evaluated and the protective features are identified in 
later sections of this report. 

IncomDatible Chemicals (Sub-hazard 13B) 

Wastes that are received, stored, prepared for repackaging, and repackaged may contain 
incompatible chemicals that could react resulting in a hazardous material release. Incompatible 
chemicals could result in (1) fires internal to waste containers leading to container failure, 
(2) reactions internal to waste containers leading to container yessurization and potential 
explosion, (3)reactions internal to waste containers leading to filter vent corrosion and 
subsequent failure, (4)reactions internal to a repackaging glovebox leading to glovebox 

., pressurization and potential “explosion” or failure, (5) fires in a repackaging glovebox, (6) spills 
from corrosive reactions involving contaminated materials leading to enclosure failures, and 
(7) fires in the repackaging area impacting open containers. The incompatible chemical hazard is 
further evaluated and the protective features are identified in later sections of this report. 

Batterv Charging Station f Sub-hazard 13 C) 

Battery charging stations exist throughout the waste management facilities to support the 
re-charging of electric forklift batteries. The battery charging stations present thermal and 
explosion hazards that can potentially result in the initiation of a fire, bum personnel, and injure 
personnel from explosion-generated missiles. No radioactive materials are located in close 
proximity to charging stations. Fires initiated by battery charging are expected to be confined due 
to the separation between the charging stations and probable combustible loads. Explosion 
generated missiles with sufficient energy to impact waste containers are also expected to be 
confined to the battery charging station due to the separation distance. 
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Due to the location of the battery charging stations relative to any sources of radioactive 
material, the thermal and explosion hazards associated with the battery chargers are considered 
Standard Industrial Hazards and will not be further evaluated. 

Protective features credited in the determination that battery charging stations are a 
Standard Industrial Hazard are: 

0 Current configuration control - separation fiom hazardous materials [CONFIG, 
=PI 

0 Combustible control - separation fiom combustibles w] 
0 Physical barriers - component enclosures [INS J 
0 Protective equipment - protective clothing, eyeshields [INS J 
0 Administrative - component inspection, work control, postings, training, 

lockout/tagout [ I N S ,  PROC, TRAIN, WORK] 

Structure Degradation and Leakage (Sub-hazard 13D) 

This hazaruenergy source is applicable to the Building 991 complex only. 

The Building991 Complex has three sets of tunnels connecting Building991 to 
Buildings 996,997,998, and 999. Corridor A connects to Building 998 (Room 300). Corridor B 
connects directly to Building996 and ComdorB. CorridorB connects to ComdorC and 
Buildings997 and 999. Buildings996 and 998 (Room300) are areas that are currently 
designated for waste container storage. 

The degradation of the tunnels could lead to failure of the tunnel roof with subsequent 
influx of soil fiom above. The collapse of a tunnel could result in: (1) exposure of pyrophoric 
waste metal to atmosphere with subsequent fires due to container breach fiom structure impacts; 
(2) spill of container contents following container breach fiom structure impacts; and (3) spill of 
container contents following puncture events as a result of structure impacts. The leakage of 
tunnels, other than acting as a precursor to tunnel collapse, should pose no risk to the IW (other 
than presenting slippery surfaces), the CW, or the public due to the limited amount of water 
involved in the leakage (the tunnels are above the aquifer and leakage is a result of rain or snow 
melt percolating through the soil). The tunnel degradation and leakage hazard is further evaluated 
and the protective features are identifled in later sections of this report. 

Diesel Fuel (Gasoline) Storape Tank Combustibles (Sub-hazard 13E) 

Some waste management facilities are supported by backup power diesel generators that 
utilize day tanks (typical size of I8O-gdon) and above ground he1 supply tanks (typical size of 
1,000-gallon). Also, gasoline powered equipment (e.g., a drum crusher utilizes a small  gasoline 
fbel tank to run the drum crusher motor) may be used at some of the waste management facilities. 
Additional diesel fbel quantities are associated with transport vehicles, which are discussed in 
Section 4.1.4, Thermal Energy, Sub-hazard 5H. Fires associated with the diesel fbel supplies for 
the diesel generators could impact the electric power supply to supported waste management 
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facilities, however the loss of electric power is dominated by other electrical system failure modes. 
Fires impacting backup power supplies would have little contribution to the overall frequency 
associated with the loss of power to waste management facilities. Fires associated with the 
gasoline he1 supply for gasoline powered equipment would be minor due to the quantity of he1 
present. Due to the location of he1 supplies relative to any sources of radioactive material and 
the frequency dominance of other initiators dealing with loss of electric power, the combustible 
material hazard associated with diesel he1 (gasoline) storage tanks is considered a Standard 
Industrial Hazard and will not be m e r  evaluated. 

0 

Protective features credited in the determination that diesel and gasoline he1 storage tanks 
are Standard Industrial Hazards are: 

System maintenance - maintenance of tank barriers [TS&M] 
Current configuration control - separation from hazardous materials [CONFIG, 
-PI 
Physical barriers - separate facilities, locked facilities [ORG, CONFIG] 

0 Administrative - system inspectiodmonitoring, maintenance work evaluation, work 
control, postings, training [ORG, INS, PROC, TRAIN, TS&M, WORK] 

Floor Loading (Sub-hazard 13F) 

The potential exists that the storage of waste containers up to a fourth tier could exceed 
the design loading of the waste management facility floor if the original design was developed for 
floor loads that are sigmticantly lower than current, drum storage loads. The failure of floors due 
to waste container loads could result in: (1) exposure of pyrophoric waste metal to atmosphere 
with subsequent fires due to container breach; and (2) spill of container contents following 
container fds .  Due to the uncertainty associated with the load capacity of some floors in the 
waste management facilities, the floor loading hazard is further evaluated and the protective 
features are identified in later sections of this report. 

Combustibles (Sub-hazard 13 G) 

The operation of waste management facilities will include the introduction, staging, use, 
and storage of various combustible materials. Examples of combustibles that may be located in 
the facilities at various times include: (1) wooden pallets from the receipt of empty waste drums; 
(2) combustible/flammable liquids stored in fire rated cabinets or in other containers for use by 
tenant activities (e.g., developer and h e r  solutions to be used by NDT activities); 
(3) construction materials (e.g., scaffolding); and (4) general Office Area combustibles 
(e.g., furniture, paper, plastics). The presence of combustibles does not necessarily present an 
immediate hazard but combustible loading in a facility can increase the consequences associated 
with fires and can lead to facility fire propagation ifignited. Waste container storage areas are not 
generally used for the accumulation or storage of combustible materials but transient combustibles 
may be temporarily located in these areas, and non-waste storage area combustible loading and 
subsequent fires may impact contiguous waste storage areas. The combustibles hazard is M e r  
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evaluated and the activity interactions and protective features are identified in later sections of this 
report. 

Natural Phenomena or External Events (Sub-hazard 13H) 

Natural Phenomena or External Event Induced Fires - Waste management facilities will 
contain various combustible materials and ignition sources during operations. It is possible that 
natural phenomena or external events could result in facility fires by impacting these combustibles 
and ignition sources. Seismic events may result in natural gas line failure (mobile flammable 
material travels to an ignition source), electric power system short circuits (ignition source that 
can act on nearby combustibles), or breach of flammable liquid containers (mobile flammable 
material travels to an ignition source) that subsequently leads to a fire. Lightning (a natural 
phenomena ignition source) may result in electric power system short circuits (ignition source that 
can act on nearby combustibles) or may act directly on combustibles that can lead to a fire. 
Aircraft crash (external event) can directly lead to a fire as a result of the aircraft fuel and heated 
materials involved in the crash. Range fires impacting vegetation near a waste management 
facility can directly lead to fire impacting external combustibles near the facility. The natural 
phenomena or external event induced fires hazard is further evaluated and the protective features 
are identified in later sections of this report. 

Natural Phenomena or External Event Induced Spills - Waste management facilities wiU 
contain radioactive materials during operations. It is possible that natural phenomena or external 
events could result in spills and punctures of the radioactive material containers by directly or 
indirectly impacting the containers. Seismic events may result in toppling stacked waste 
containers, debris impacts on containers from ceiling component failures (e.g., lighting, ducting, 
cranes) during the seismic event, or structure impacts on containers from seismic-induced facility 
collapse that subsequently leads to a spill or puncture. High winds, tornadoes, and heavy snow 
may result in structure impacts on containers fiom partial facility collapse due to the loss of a load 
bearing wall (ie. ,  static load fiom wind exceeds design capacity of a wall) or due to the failure of 
the roof (ie. ,  static load of the snow exceeds design capacity of the roof) that subsequently leads 
to a spill or puncture. In addition, tornadoes may result in debris impacts on containers by 
tornado-driven missiles that subsequently lead to a spill or puncture. Heavy rains, flooding 
(internal or external), and fieezing induced internal flooding may result in toppling stacked waste 
containers ( ie . ,  flowing water during flood carries debris that impacts stacked containers) or 
structure impacts on containers fiom partial facility collapse due to the loss of a load bearing wall 
(i.e., waters erode soils near wall footings) that subsequently leads to a spill or puncture. Aircraft 
crash (external event) may result in toppling stacked waste containers, debris impacts on 
containers from aircraft parts, or structure impacts on containers fiom partial facility collapse due 
to the aircraft penetration of a load bearing wall that subsequently leads to a spill or puncture. 
The natural phenomena or external event induced spills hazard is further evaluated and the 
protective features are identified in later sections of this report. 

Natural Phenomena or External Event Induced Explosions - Waste management facilities 
will contain potentially explosive materials and potentially explosive waste containers during 
operations. It is possible that natural phenomena or external events can result in facility 
explosions (with subsequent material fires) by releasing potentially explosive materials. Seismic 
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events and aircraft crashes may result in natural gas line failure (release of potentially explosive 
material) due to failure of line or boiler supports or failure of any flammable gas containers used 
by the facility (i.e., propane gas cylinders used during construction or maintenance activities) due 
to structural impacts from facility failure or from aircraft debris. High winds, tornadoes, and 
heavy snows may result in structure impacts on flammable gas containers used by the facility 
(i.e., propane gas cylinders used during construction or maintenance activities) from partial 
facility collapse due to the loss of a load bearing wall (i.e., static load from wind exceeds design 
capacity of a wall) or due to the failure of the roof (i.e., dynamic load from windtornado or static 
load of the snow exceeds design capacity of the roof) that subsequently leads to an explosion. In 
addition, high winds or tornadoes may result in debris impacts on natural gas lines or boilers by 
windtomado-driven missiles that subsequently leads to a release of the gas. Lightning (a natural 
phenomena ignition source) may act directly on potentially explosive materials (i.e., striking 
natural gas lines or propane cylinders) that can lead to an explosion. The natural phenomena or 
external event induced explosions hazard is further evaluated and the protective features are 
identified in later sections of this report. 

8 

Natural Phenomena or External Event Induced Criticalities - Waste management facilities 
will contain radioactive materials during operations. It is possible that natural phenomena or 
external events can result in criticalities (with subsequent spills or material fires) by rearranging 
radioactive material containers. Seismic events and aircraft crashes may result in toppling stacked 
waste containers andor rearranging the container configurations that subsequently leads to a 
criticality. Heavy snows may result in structural failures leading to toppling stacked waste 
containers, rearranging the container configuratiois, that subsequently leads to a criticality. 
Heavy rains, flooding (internal or external), and freezing induced internal flooding may result in 
toppling stacked waste containers (i.e., flowing water during flood carries debris that impacts 
stacked containers), rearranging the container configurations and adding moderation (i. e., water 
acts as a moderator) that subsequently leads to a criticality. The natural phenomena or external 
event induced criticalities hazard is further evaluated and the protective features are identified in 
later sections of this report. 

0 

5.13 CREDITED PROTECTIVE FEATURES FOR STANDARD INDUSTRIAL 
HAZARDS 

The hazard identiflcation process identified 45 hazards or energy sources for waste 
management facilities, Of the 45 hazards, 23 hazards or energy sources were characterized as 

* Standard Industrial Hazards. Protective features for these 23 hazards were identified and fall into 
two general classes: (1) protective features to ensure that the hazard remains a Standard 
Industrial Hazard, termed Hazard Controls; and (2) protective features associated with worker 
protection against the Standard Industrial Hazard, termed IW Protection. Protective features 
placed in the Hazard Control class of credited protective features are carried forward into the 
Wmte Management Facilities Technical Safety Requirements. 

The identified protective features associated with each Standard Industrial Hazard, as 
listed in Table 5-4, are related to Site SMPs. 
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Electric Power Systems 
Vehicles, Material Handling Equipment 
Raised or Suspended Loads/Materials (potential 
energy) 
Flammable Gas Generation in Metal Waste 
Containers 
Structure Degradation and Leakage 
Combudiles 

6. HAZARD EVALUATION AND SELECTION OF ACCIDENT 
SCENARIOS REQUIRING FURTHER ANALYSIS 

6C Compressed Gas Cylinders 
7C Suspended Loads/Materials (kinetic energy) 
8B Stacked Waste Containen 

13B Incompatiile Chemicals 

13F FloorLoading 
13H Natural Phenomena or External Events 

6.1 HAZARD EVALUATION 

Of the 45 identified hazards and energy sources, 22 hazards or energy sources required 
M e r  evaluation. Eighteen of these 22 hazards or energy sources are considered in this NSTR 
as accident initiators or precursors. The Thermal Energy: Transport Vehicles hazard 
(Hazard 5H) has been evaluated in Volume I, Chapter 8, Transportation Safety AnaIysis, of the 
Site S A R  (Ref. 2) and is not discussed M e r  in this NSTR. Likewise, the Toxic, Hmardms, or 
Noxious Chemicals: Bulk, Process, or Waste Chemicals Ecceedzng Threshofi of Concern 
hazard (Hazard 9B) is addressed in individual facility AB documents on a case-by-case basis. The 
Material Handling: Handling, T r w e r ,  and Shipment of Wmte Containers hazard (Hazard 1 1 A) 
is evaluated under the Vehicles, Material Handling Equipment hazard (Hazard 7A), the 
Suspended LodMateriaI hazard (Ekizard 7C), and the Raised or Suspended LoaddMateriaI 
hazard (Hazard 8A). The Unknown or Unmarked Materials: Waste to be Repackaged hazard 
(Hazard 12A) is evaluated under the Incompatible Chemical hazard (Hazard 13B). Table 6-1 
presents the 18 hazards or energy sources fiom Table 5-4 that were considered in the 
determination of representative accident scenarios discussed later in this NSTR The numerical 
codes associated with each hazard shown in Table 6-1 relate back to the general hazard category 
(e.g., Radioactive Materials, Kinetic Energy) and the specific hazards under each category. For 
example, Hazard 7A corresponds to specific hazard, Vehicles, Material Handling Equipment, 
under general hazard category 7, Kinetic Energy. 

Table 6-1 Waste Management Facility Hazards and Energy Sources to be Further Evaluated 

5E 
7A 

13A 

13D 
13G 

The hazards of most interest, in Table 6-1, are Hazard 4 4  Category I and 11 S M ,  
Hazard 4B, Containerized Radioactive Wmte, and Hazard 4C, In Process Radioactive Waste 
andor NwIy Generated Radioactive Wmte. The remaining hazards and energy sources either 
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act on these hazards (e.g., Hazard 7 4  Vehicles, Material Handling Equipment) or are subsets of 
these hazards (e.g., Hazard 5D, Pyrophoric. -Materials). In support of the hazard evaluation 
process and determination of representative accident scenarios, a logic diagram shown in Figure 
6-1, as described below, was developed displaying the manner in which each of the remaining 
hazards and energy sources act on Hazard44 Hazard4B, and Hazard 4C resulting in a 
radiological release. 

The radioactive material hazards are contained or confined in various SNM and waste 
containers or in confinement enclosures (e.g., secondary confinement such as repackaging 
gloveboxes, contamination cells, etc.). The material has an increased hazard to the IW and is only 
a hazard to the CW and the public when it becomes unconfined due to a container failure, 
confinement enclosure failure, or when a criticality involving the material occurs. The criticality 
case can result in the release of radioactive material that is not currently found in the containers 
but is generated during the criticality event (i.e., fission products). However, the criticality event 
can also result in container failure due to over-pressurization of the container. By identifying 
manners in which containers or enclosures can fail, mechanisms for radioactive material release 
can be determined. 

A radiological release logic diagram shown in Figure 6-1 identifies two failure types that 
can lead to a radiological release: (I) container failure (e.g., f&e of waste containers) and 
(2)confinement enclosure failure (e.g., failure of an RT glovebox or contamination cell). 
Distinctions between these two failure types are made because some mechanisms for failure are 
different based on whether or not the MAR is considered confined (containerized) or “loose” 
within a continement enclosure during a waste management activity. Container failure is 
associated with waste management activities in which waste containers can be accidentally 
breached but not intentionally opened. Therefore, container failure is applicable to SH, CR, and 
RA. Confinement enclosure fdure is associated with activities that involve intentional opening of 
waste containers, for example, during sampling, repackaging, treatment, and generation. 
Confinement enclosure failure is therefore applicable to CC, RT, and GN. 

The radiological release logic diagram presents a logical connection between the 
15 applicable hazards and energy sources requiring M e r  analysis (Hazard 4 4  Hazard 4B, and 
Hazard 4C are excluded) and a radiological release. The far left of the logic diagram begins with 
the undesired radiological release event. The second column identifies the failure type, either 
container failure or loss of confinement. Columns three and four iden@ basic release 
mechanisms and specific release mechanisms respectively. It is assumed that no basic release 
mechanisms for containedconfinement enclosure failure exist other than mechanically, chemically, 
t h e d y ,  and overpressure-induced. The fifth column relates hazards and energy sources to the 
basic and specific release mechanisms leading to the radiological release event. Intentional 
opening of waste containers leading to a release is considered in the confinement failure portion of 
the logic diagram. Having defined a relationship between facility hazarddenergy sources and 
release mechanisms leading to container/confinement enclosure failure and a radioactive material 
release, it is possible to begin release scenario development. The final column of the logic 
diagram identifies scenarios that require M e r  evaluation. 
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The container failure portion of the radiological release logic diagram applies only to metal 
waste containers and POCs. POCs are susceptible to failure, resulting in a radiological release, 
only if an aircraft crashes into the facility. Therefore, the only failure path applicable to POCs is 
Container FailurekternaVMechanicavImpact. Type B SNM shipping containers are excluded 
because (1) they are susceptible to failure only if an aircraft crashes into the facility, (2) they are 
only stored in Building 991, and (3) aircraft crashes into areas of Building 991 where Type B 
SNM shipping containers are stored will not perforate the structure (Ref. 30). Wooden waste 
crates are excluded because it is assumed that they will be prohibited fkom use in waste 
management facilities. The following assumptions are made in the development of the logic 
diagram: 

0 

(1) The Container Failure/InternaVMechanical failure path was not analyzed because: 

0 few materials in radioactive material containers exist that can mechanically fail 
a container fkom the inside. 

(2) The Container FailurehternaVThermal failure path was not analyzed because: 

0 the internal fire must be sufficiently hot to melt through metal; and 
0 few combustibles associated with materials in radioactive material containers 

exist at the Site with SUfEicient combustion temperature to melt metal. 

(3) The Container Fdure/InternaVOverpressure/Chemical Reaction failure path was not 

0 the chemical reaction must be sufficiently fast to generate sigdicant quantities 
of gas rapidly; 

0 few chemical reactions associated with materials in waste exist at the Site with 
sigdcant fast gas generation capabilities; 

0 incompatible chemicals inside waste containers are prohibited; and 
0 a container overpressure condition resulting from a chemical reaction is 

assumed to be bounded by the ignition of hydrogen gas, which will forcemy 
eject a portion of the contents. 

(4) The Container and Confinement Enclosure Failure/Chemical failure paths were not 

analyzed because: 

analyzed because: 

0 the chemical fdure mechanism is relatively slow ; 
0 there is significant potential for discovery prior to failure; and 
0 highly corrosive liquids in container SH and RT areas are prohibited without 

111 secondary containment of the liquid being in place. 
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0 (5) The Confinement Enclosure FdudOverpressure failure path was not analyzed 
because: 

the chemical reaction must be suf€iciently fast to generate si@cant quantities 
of gas rapidly; 
few chemical reactions associated with materials in waste exist at the Site with 
sigdicant fast gas generation capabilities; 
incompatible chemicals inside waste containers are prohibited; and 
a confinement enclosure overpressure condition resulting fiom a chemical 
reaction is assumed to be bounded by the ignition of hydrogen gas, which will 
forcefidly eject a portion of the contents. 
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- Event 

Radiological 
Release 

Failure Type 
Basic Release SDecific Release 
Mechanism Mechanism HazardIEnerev Source 

Container Failure: 
Internal Mechanisms Mechanical not analyzed 

I Chemical Corrosion 13B 

I Thermal not analyzed 

Overpressure Chemical Readion not analped 

I Explosion 13A 
Criticality 5B. SC, 13D, 13F, 13H 

External Mechanisms- Mechanical Dropmall 8 4  8C and 17Aor 13H1 
Container Failure: 

I Pundure 6C, 7A, 13D, 13F, 13H 

I I m p d  7 4  13D. 13F, 13H 

Chemical not analyzed 

Thermal F i e  [5B or 13G] and [5C or 5E or 13H] 

I overpressure Explosion 5B and ISC or 5E1 

confiiement 
Enclosure Failure Mechanical Imvact 7A. 7C, 8A. 13H 

Puncture 5B, 6C, 7 4  13H 

Chemical not analyzed 

Thermal Fire [5D or 5E or 13B or 13Hj and 13G 

Overpremue nor analyzed 

Scenarios Reauirinp Further Evaluation 

Spffl Corrosion 

Explosion: Container 

CrittCallty 

Spffl DroplFall 

Spffl Puncture 

Spffl Impact 

Fire: Faciuty (1 MW/4 MW); Fire: Container 

Explosion: Facillty 
.I ; 

Spffl Impact 

Spill: Puncture 

Fire: Confinement Enclosure 

HA2XRDBNERGY SOURCE KEY 
5B FIammableGases 7A Vehicles, Material Handling Equipment 13B Incompatible Chemicals 
5C Hot Work (not involving flammable gases) 7C Suspended LoaWaterials (kinetic energy) 13D Structure Degradation 
5D Pyrophoric Materials 8A Suspended h a W a t e r i a h  (potential energy) 13F Floorhadig 
5E Electric Power System 8C Stacked Waste Containen 1 3 0  Combustibles 
6C Compressed Gas Cylinders 13A Flammable Gas Generation in Metal Waste Containers 13H NPHEE 
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6.2 ACCIDENT SCENARIOS REQUIRING FURTHER ANALYSIS 

The selection of accident scenarios identifies those scenarios that must be M e r  
evaluated in the accident analysis. The logic diagram in Figure 6-1 in conjunction with previous 
hazard and accident analyses, specifically the Buildings 440 PSAR, Building 569 BIO, and the 
Building 991 FSAR (Refs. 31, 32, and 33), have identified eight general types of accident 
scenarios resulting in either container failure or loss of confinement: 

container spill 
confinement enclosure spill 
facility fire 
confinement enclosure fire 
container fire 
container explosion 
facility explosion 
criticality 

These eight general types of scenarios may be initiated by internal, external, and natural 
phenomena events. There may be multiple specific accident scenarios identified within each 
general type of accident scenario to cover variations in initiating events within a general scenario 
type. 

The accident scenario types are described below as they relate to the six waste 
management facility activity modules (SH, CC, CR, RT, GN, RA) defined in Section 1.4 of t h i s  
NSTR. Three scenario types, container spills, container explosions, and facility fires, are 
postulated to occur during SH activities. Two scenario types, spills due to loss of confinement 
and confinement enclosure fire scenarios, are postulated to occur during RT activities. Two 
scenario types, container fires (due to direct flame impingement) and facility explosions &e 
postulated to occur during RA. Criticality events are postulated to occur during CR activities that 
involve unassayed waste containers. Criticalities are considered incredible during all waste 
management facility activities involving assaved waste containers (i.e., the radioactive material 
quantities are known). Criticality events are not evaluated in this NSTR revision. 

6.2.1 Storage and Handling (SH) Accident Scenarios 

The three accident scenario types applicable to SH activities are expanded in Figure 6-1 
based on specific initiators and release mechanisms (e.g., corrosion, drop/fall, puncture, impact, 
explosion, etc.). By considering specific initiators and release mechanisms, the number of closed 
waste containers involved in a specific scenario type can be determined. For example, a spill due 
to internal corrosion typically affects a single metal container while a spill resulting fiom a 
drop/fdl can involve up to four drums on a single pallet. Additionally, by expanding the scenarios 
they can be related to specific SH sub-activities (e.g., punctures occur most often during forklift 
operations while impacts occur most often when containers are in storage). Assessment of the 
three accident types applicable to SH activities resulted in the identification of eight unique 
accident scenarios that are carried forward and further evaluated in Section 8, Storage and 
HandIing (SH) Accident Amlysis, of this NSTR. These eight scenarios are listed and described in 
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Table 6-2. Section 8, Storage and Handling (SH) Accident Analysis, examines these accident 
scenarios considering container type (e.g., Type B shipping containers, POCs, metal TRU waste 
containers, and metal LLW containers), confinement (e.g. , glovebox, contamination cell, 
Perma-Con, baghouses, glovebags, etc.), waste type (e.g., LLW, TRU), specific release 
mechanism, MAR quantity (based on container limits), and damage ratio (based on accident 
progression). Based on further examination of the eight accident scenarios listed in Table 6-2, the 
most representative scenarios associated with SH activities are analyzed to determine accident 
fiequencies, consequences, and risk classes. 

. 

' F I R E  

FIRE 

SPILL 

SPILL 

SPILL 

. Table 6-2 Storage and Handling (SH) Accident Scenarios 

FACILITY FIRE: SMALL Transient combustible materials (e.g., plywood, wooden pallets, 
flammabldcombustiile liquids, etc.) may be present or s t o d  in waste management facilities. 
If combustiile materials are inadvertently stacked against or are in close proximity to waste 
containers and are ignited, several waste containers (tbree waste drums or one metal waste box) 
can be exposed to enough thermal energy to cause lid or lid seal failure and venting of 
radioactive materials. Small fire scenarios may not be of sufficient size to activate an operable 
automatic sprinkler system (if present in the facility). Small fire scenarios are judged to be 
anticipated events without prevention. 

FACILITY FIRE: LARGE In the event that facility combustible loading increases above that 
involved in a small fire scenario, a larger fire can result impacting additional waste containers 
beyond those involved in a small fire scenario @ostulaM- to be nine waste drums or two metal 
waste boxes). Additional combustible loading may include materiaLs present in office areas that 
are adjacent to waste storage areas, facility construction materials that are not fire resistant, and 
an excess amount of transient combustiiles. Large fire scenarios are assumed to be of such size 
that an operable automatic fire sprinkler system would be activated (if present in the facility). 
Large fire scenarios are judged to be anticipated events without prevention. 

METAL CONTAINER INTERNAL CORROSION Wastes with IDCs/WFCs exhiiiting 
corrosive charactensb. ' 'cs are stored in metal waste containers. Corrosives can react with metal 
containers from the inside, weakening the container walls and reducing the structural capacity 
of the container. When a weakened container is handledmoved it can catast~~~hically fail 
resulting in a container breach and subsequent release of a portion of the container contents. 
Container failure due to internal corrosion is judged to be an unlikely event without prevention. 

CONTAINER DROPEALL Waste containers are routinely raised above floor level 
(e.g., during stacking, loading on transport vehicle, lifting into glovebox, etc.) using handling 
equipment including overhead bridge cranes, hoists, forklifts, and drum lifters. During 
container handling activities, various equipment failure mechanisms or improper rigging can 
result in waste container drops and falls. Upon impact with a hard surface (e-g., floor, 
equipment, glovebox, other waste containen, etc.) waste containers can fail resulting in a 
container breach and subsequent release of a portion of the container contents. Container 
drop/fall scenarios are judged to be anticipated events without prevention. 

CONTAINER PUNCTURE Waste containers are roulinely moved using forklifts. A forklift 
operator error when attempting to position the tines can result in the forklift tines puncturing 
one or more waste containers. Upon container puncture, a portion of the container contents can 
be released. Container puncture scenarios during material handling are judged to be 
anticipated events without prevention. Compressed gas cylinders (e.g., acetylene, propane, 
etc.) are routinely used during maintenance activities. If a cylinder valve were accidentally 
sheared off during cylinder handling, the cylinder can become an airborne missile that impacts 
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I SPILL 

Table 6-2 Storage and Hannling (SH) Accident Scenarios 

EXPLOSION 

contents. Container puncture scenarios due to cylinder impacts are judged to be unlikely events 

CONTAINEk IMPACT Waste containers maybe physically impacted several ways during 
storage. Material handling equipment (e.g., forkM?s) can inadvertently impact waste 
containers resulting in crushing or toppling; raised or suspended loads can drop onto waste 
containers as a result of lifting equipment failure or improper rigging; exceedance of floor 
loadings can result in topp-, and falling overhead equipment or structure (due to degradation 
or a seismic event) can impact waste containers. Container impact scenarios involving 
handling equipment are judged to be anticipated events without prevention while impact 
scamios due to exceedilllce of floor loadings, structural degradation, or seisnic events are 
iudeed to be unlikely without Drevention. 

without prevention 

~ 

CONTAINER Flammable gas generation, principally hydrogen, in metal waste containers can 
lead to an internal explosion in a TRU waste container. The radioactive decay (radiolysis 
processes) of TRU waste material interacts with hydrogenous waste materials and produces 
hydrogen and oxygen gases. The gases can accumulate in the waste Container to the point 
where a hydrogen explosion potential exists. Since little energy, that associated with a static 
charge can ignite flammable hydrogerdoxygen mixtures, static charges generated during 
container movements can ignite the hydrogen resulting in ovepxmiz.ation/failure of the 
container and a radiological release. A container internal explosion scenario is considered an 
unlikelv event without Dmention. 

SPIllJFIRE CONTAINER SPILLFIRE: EX'ERNAL EVENT In the event that an aircraf& crashes into a 
waste management facility, two release mechanisms are considered; spill and fire. This 
spWfire scenario is a combination of two separate failure paths: (1) container failure/ 
extedmechanid impact /NPW and (2) container failure/extemal/thermal/fire/NPmE. 
The kinetic energy dissipated during aircraft impact into waste containers can breach several 
containers resulting in a spill of all or a portion of the container contents. Subsequent to 
impact, an ensuing pool fire can involve a number of waste containers. The pool fire can 
involve the waste containers spilled due to aircraft impact (unconfined material fire) as well as 
additional waste containers that may not have been breached due to ahcraft impact (confined 
material fire). Aimaft spWfire scenarios are judged to be extremely unlikely events without 
prevention. 

6.2.2 Waste Characterization - Chemical (CC) Accident Scenarios 

Resewed 

6.2.3 Waste Characterization - Radiological (CR) Accident Scenarios 

Resewed 

6.2.4 Repackaging and Treatment (RT) Accident Scenarios 

The eight scenarios previously discussed in Table 6-2 are also applicable during RT 
activities because SH activities must be performed in direct support of RT activities. For 
example, waste receipt, handling, and staging (short-term storage) are required prior to and after 
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RT activities. In addition to the eight SH scenarios, two additional scenarios applicable to RT 
activities are listed and described in Table 6-3. Section 9, Repackaging and Treatment (RT) 
Accident AnaZysis, further evaluates these accident scenarios considering confinement enclosure 
type (e.g., glovebox, contamination cell, Perma-Con, etc.), waste type (e.g., LLW, TRU), MAR 
quantity, and damage ratio. Based on M e r  evaluation of the accident scenario(s), the most 
representative scenarios associated with RT activities are analyzed to 'determine accident 
fiequencies, consequences, and risk classes. 

Table 6-3 Repackaging and Treatrnent (RT) Accident Scenarios 

SPILL 

CONFINEMENT ENCLOSURE TRU and LLW repackaging and treatment activities will 
involve combustiile waste materials that, if ignited, can result in a radiological release. 
Ignition of combustiile materials can occur due to confinement enclosure electrical system 
failures, spontaneous combustion of pyrophoric or other materials, or incompatiile chemicals. 
Conhement enclosure fires are Judged to be anticipated events without prevention 

IMPACTPUNCTURE OF CONFINEMENT ENCLOSURE TRU and LLW repackaging and 
treatment activities wil l  generally be conducted inside some form of codinement enclosure 
(e.g., glovebox, contamination cell, Perma-Con, baghow, glove bag, etc.). In some cases 
LLW maybe repackaged outside confinement (e.g., radioactive material by default). 
Confinement enclosures can be damaged and breached ftom either inside or outside the 
structures. External damage can OCCUT due to impact from material handling equipment (e.g., 
forklift, drum lifter, etc.); puncture by a compressed gas cylinder sent airborne because the 
&e is accidentally sheared off; impact from overhead equipment or structure during a 
seismic event; or overpressure from an external explosion of a flammable gadoxygen mixture. 
Internal damage can occur due to suspended loaddmaterials contacting the confinement 
structure walls or the dropping of suspended loads inside the structure. A confinement 
enclosure breach wil l  result in a release of all or a portion of the material being processed 
inside the enclosure. External damage to codinement enclosures due to material handling 
equipment is judged to be anticipated without prevention. External damage caused by a 
compressed gas cylinder, a facility explosion, or a seismic event is Judged to be unlikely 
without prevention. Internal damage to confinement enclosures is Judged to be anticipated 
without prevention 

6.2.5 Waste Generation (WG) Accident Scenarios 

Reserved 

6.2.6 Routine Activities (RA) Accident Scenarios 

Routine activities do not directly involve radiological materials, their pexformance cannot 
in and of themselves result in a radiological release. However, the conduct of routine activities 
within or near waste storage or repackaging and treatment areas can result in scenarios not 
previously addressed. Two accident scenarios applicable to R4 conducted in waste storage or 
repackaging areas are listed and described in Table 6-4. Section 13, Routine Activities (RA) 
Accident AnaZysis, further evaluates these accident scenarios considering container type, waste 
type, MAR quantities, and damage ratio. Based on M e r  evaluation of the accident scenario(s), 
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the mosi representative scenarios associated with RA are analyzed to determine accident 
fiequencies, consequences, and risk classes. a 

~~ ~ ~ 

FACILITY Flammable gases such as acetylene and propane are routinely used Cturing facility 
maintenance activities. In the event that a flammable gas is inadvertently or accidentally 
released into a waste storage area, a deflagration of an entire room or a localized deflagration of 
an aidgas mixture within the flammable range can occur. The adjacent “external explosion” 
can impact multiple waste containers resulting in a radiological release. Facility explosion 
scenarios are iudged to be unlikely events without prevention. 

Table 6-4 Routine Activities (R4) Accident Scenarios 

CONTAJNER DIRECT FLAME IMPINGEMENT Flammable gas torches (propane, 
oxyacetylene, etc.) are routinely used during facility maintenance and comtruction activities. In 
the event that a flammable gas device flame comes into direct contact with a stored waste 
container, a breach of the container is possible resulting in a radiological release. Direct flame 
impingement scenarios are judged to be unlikely events without prevention. 

EXPLOSION 
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7. ACCIDENT ANALYSIS PROCESS 

The accident analysis process examines each of the accident scenarios described in 
Section 6.2, Accident Scenarios Requiring Further Analysis. The analysis process performs 
multiple functions including: (1) determination of any potential analysis variations for each 
accident scenario (e.g., a fire scenario can occur in an area supported by automatic fke 
suppression or in an area with no automatic fire suppression capability); (2) refinement of accident 
scenario progression; (3) refinement of accident scenario initial frequency bin assignment; 
(4) determination of accident scenario initial consequence bin assignment; ( 5 )  determination of 
accident scenario risk class; (6) identification of protective features that could be credited to 
reduce the risk class associated with representative accident scenarios; and (7) determination of 
the final preventedmitigated accident scenario risk class. - 

As previously mentioned, the accident scenarios described in Section6.2 may impact 
several types of radioactive material containerskonhernent that are distinguished by the type of 
radioactive material, the quantity of radioactive material, and the resistance of the 
containerkonfhement to various accident scenarios. The various containers and confinement 
enclosures defined for the accident analysis process are: (1) Type B shipping containers; 
(2) POCs; (3) metal TRU waste containers, drums or boxes; (4) metal LLW containers, drums or 
boxes; ( 5 )  wooden LLW boxedcrates, (6) gloveboxes, (7) contamination cells, and 
(8) perma cons. Radioactive material contained as contamination in filter plenums, in ducting, in 
various components, and on structures has been determined to represent a Standard Industrial 
Hazard due to neghgible contamination levels (see the Contamination Hazard discussion 
Section5.3, Radioactive Materials (Hazar&ner~ Source 4)) and is not included in this 
accident analysis process. -_ 

By considering various scenario type/container type combinations, representative accident 
scenarios are identified and analyzed to determine accident consequence and risk class. The 
accident analysis investigates the consequences associated with the accident scenario for three 
receptors: (1) the public, as represented by the MOI; (2) the CW; and (3) the IW. The MOI and 
CW consequence evaluations are quantitative while the IW consequence evaluation is strictly 
qualitative. 

7.1 ACCIDENT SCENARIO DISCUSSIONS ANID ACCIDENT SCENARIO 
SUMMARY TABLES 

The purpose of the accident analysis process is to refine the assessment of the risk 
associated with waste management facility operations and to determine the appropriate set of 
protective features or controls to ensure safe operation. Risk assessment refinement can be 
accomplished by improving the understanding of accident scenario progression, by improving the 
quality of the estimate of the scenario frequency, and by improving the assessment of accident 
scenario dose consequences. Appropriate control set determination can be accomplished by 
initially crediting a set of protective featuredcontrols that are expected to be in place during 
operation (e.g., passive controls such as container integrity and container fissile material loading), 
by assessing the acceptability of the scenario risk under the expected set of controls, and by 
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iden-g appropriate controls for scenario risk reduction in-cases where the scenario risk is 
unacceptable. Control appropriateness may be determined using multiple factors including: 
(1) risk reduction benefit; (2) control cost; (3) degree of unacceptable risk; and (4) control impact 
on operations. 

Accident analyses presented in Sections 8 through 13 address the scenarios associated 
with a specific activity module. Each section begins with a general discussion of the scenarios to 
be evaluated and covers the determination of any required variations within the general scenario 
type (e.g., fire, splu, explosion, etc.). The sections continue with representatke accident scenario 
analyses. 

- For each representative accident scenario to be analyzed, an accident scenario discussion 
and corresponding summary table is provided. The scenario discussion and summary table 
present information describing: (1) the accident scenario sequencdprogression; (2) the 
assumptions made in the analysis of the scenario; (3) the frequency bin assignment for the accident 
scenario, potentially under multiple sets of credited protective features; (4) MAR determination, 
( 5 )  the dose consequence andor consequence bin assignment for the scenario, potentially under 
multiple sets of credited protective features; (6) the corresponding scenario risk class for these 
situations; and (7) the sets of credited and defense-in-depth protective features associated with 
scenario prevention and mitigation. The format for the scenario discussion and scenario summary 
table is presented in the following text. 

0 7.2 ACCIDENT SCENARIO DISCUSSION FORMAT 

The accident scenario discussions for each scenario evaluated has a consistent format as 
described below. 

Accident Scenario Section: This section of the accident scenario discussion provides 
a description of the accident scenario being analyzed. This description addresses 
potential mechanisms for accident initiation, the relationship of waste management 
facility activity module to the scenario, accident scenario progression, and some 
general information on accident modeling assumptions. 

Accident Frequency Section: This section of the accident scenario discussion 
addresses the scenario frequency bin determination. Any protective features credited 
in the scenario fiequency determination are identified. 

0 Materid-At-Risk Section: This section of the accident scenario discussion addresses 
the scenario MAR. Assumptions dealing with damage ratios ORs) and numbers of 
containers involved in the scenario are presented for each container and/or waste type 
impacted by the scenario. The basis for any DR values less than 100 % and any 
protective features credited in the MAR determination are identified. 

0 Accident Consequence Section: This section of the accident scenario discussion 
addresses the radiological dose consequences associated with the accident scenario. 
Based on the scenario progression, credited protective features, and the scenario 0 
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- .  
MAR, consequences for the CW and the MOI are calculated. These analyses are 
performed using the methodology described in Section 4.2.1, Radiological Risk. In 
addition, a qualitative determination of IW consequences is presented along with the 
basis for the determination. Some discussion dealing with the consequences for 
workers within the facility but located away from the accident may be presented in 
cases where the evaluated IW consequences are determined to be high. The 
discussion also presents the accident scenario risk class for each receptor based on the 
scenario frequency bin and consequence bin assignments. 

7.3 CONTROL SET VCTLMERABILITY SECTION 

A control set vulnerability section follows the analysis of each general scenario type 
(e.g., following the SH fire scenario section, the SH spill scenario section, etc.). This section of 
the accident scenario discussion addresses the vulnerability of the control set developed from the 
protective features credited for accident prevention and mitigation. The control set vulnerability 
discussions address the impact of credited protective features failure. The control set developed 
for each set of accident scenarios includes preventive and mitigative features that are credited in 
the determination of scenario fiequency, consequence, and risk class. Only single failures of 
credited features are addressed. The credited protective features are carried forward into the 
Wmte Management Facilities Technical Safeiy Requirements (Ref Error! Bookmark not 
defined.). 

Although the active credited preventive and mitigative features may be assured of high 
operational reliability by the TSRs and System Category (SC) designations, the active features are 
still vulnerable to failure. Therefore, qualitative evaluations of scenario fiequencies and 
consequences are pedormed that include the failure of active hardware protective features and/or 
Administrative Controls in the accident scenario progression. This control set vulnerability 
assessment helps (1) c0nfk-m the adequacy of the control set; or (2) ident@ additional required 
controls to reduce the failed protective feature scenario risk class. 

For credible cases in which the failed protective feature scenario risk class is higher than 
Risk ClassIII, preferentially, risk reduction is addressed by the identification of additional 
controls or, alternatively, risk acceptability is addressed by the discussion of available 
defense-in-depth controls. That is, when a high risk scenario results from consideration of 
credited protective feature failure, the analysis focuses on i d e n m g  appropriate protective 
features that can be credited to reduce the scenario risk class, particularly in the case where the 
high risk scenario is in the unlikely fiequency bin. If appropriate protective features cannot be 
identified, the analysis assesses the adequacy of available defense-in-depth protective features as 
justification for acceptance of the scenario risk 
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7.4 ACCIDENT SCENARIO SUMMARY TABLE FORMAT 

The accident scenario summafy table for each evaluated scenario is presented at the end of 
the general accident scenario type section (e.g., the summary tables for the analyzed SH fire 
scenarios are located at the end of the section dealing with fires). The tables have a consistent 
format as described below. 

0 Hazard Field: This field describes the hazard(s) being evaluated. References to the 
HazardEnergy Source entries in Table 5-4 are made. 

0 Accident Type Field: This field defines the accident type being evaluated and the 
hazardous material form or containerlconhnement. A brief description of the scenario 
progression is provided along with the analyzed effective MAR. Additional 
information may also be included to indicate the size of the accident. 

Cause or Energy Source Field: This field lists the initiator or combination of 
initiators of the accident. References to the Hazard/Energy Source entries in Table 
5-4 are made. Since the accidents being analyzed are representative scenarios, there 
could be multiple initiators causing the same basic accident (e.g., Vehicles, Material 
Handling Equipment; Raised or Su.spended Loads/Maferials; Stacked Waste 

0 AppZicubZe Activity@$ Field: This field relates the accident scenario back to the 
waste management facility activity modules. Activity module acronyms, as defined in 
Table 1-3 are used (e.g., SH, CC, CR, RT, WG, and RA). Activity module 
relationships to the analyzed scenarios are defined in Section6.2 as part of the 
development of the accident scenarios. 

Receptor Column: This column lists the receptor for which the dose consequence 
results or consequence determinations displayed in the row are applicable. Three 
receptors are considered: the MOI (representing the public), the CW, and the IW. A 
separate row is needed for each of these receptors because they are evaluated 
separately. Consequences for the MOI and the CW are generally presented as 
quantitative radiological doses in rem along with the corresponding consequence bin 
determination, but consequences for the IW are only presented in the qualitative terms 
as a consequence bin assignment. 

Scenario Frequency - Without Prevention & With Prevention Columns: These 
columns present a conservative estimate of accident scenario frequency associated 
with the crediting of potentially varying sets of preventive features. Accident scenario 
fiequencies are categorized into qualitative fiequency bins as suggested by 
DOE-STD-3011-94 (Ref. 7) and discussed in Section 4.2, Risk Classrfication 
Methodology. The fiequency bin assignment is based on qualitative judgments. The 
frequency section in the scenario discussion describes which inherent preventive 
features were specifically credited to arrive at the assigned frequency bin for the 
Without Prevention column entry. Inherent preventive features are included in the 
Protective Feahrre column of the accident scenario sunmary table and are highhghted 
as underlined text to distinguish the inherent protective features from credited 

0 

’ Containers could all be spill initiators). 

0 

0 

7-4 NSTR-006-99 
RMRS WMF Safety Analysis 



Accident Analysis Process 

preventive features identified as part of the scenario risk reduction process, the results 
of which are displayed in the With Bevention column. 

In assigning accident scenario frequencies for both the “without prevention” and the 
“with prevention” situations, the guidance presented below was generally used in the 
determination of the initial frequency bin assignment for representative scenarios and 
may be used in the determination of scenario frequencies as additional preventive 
features are credited in the analysis. The general guidance for scenario fiequency bin 
determinations is as follows: 

Administrative Controls: In general, an Administrative Control may be used to 
reduce the scenario fiequency by one order of magnitude (multiply by 10’). 
Two or more independent Administrative Controls can be combined for a 
frequency reduction of no more than two orders of magnitude (multiply by 

SC 1/2 SSC in TSRs: In general, a SC 1/2 SSC that is well maintained and 
monitored due to its inclusion in the TSRs may be used to reduce the scenario 
frequency by two orders of magnitude (multiply by or one fiequency bin. 
Exceptions will be noted and justified. 

0 

or one frequency bin. Exceptions will be noted and justified. 
0 

Scenario Consequence - Without Mitigation & With Mitigation Columns: These 
columns present a conservative estimate of accident scenario consequence associated 
with the crediting of potentially varying sets of mitigative features. Accident scenario 
consequences are categorized into qualitative consequence bins as suggested by 
DOE-STD-3011-94 (Ref. 7) and discussed in Section 4.2.1, Radiological Risk. The 
consequence bin assignment for the CW and MOI is based on a quantitative dose 
consequence value determined by conservatively estimating the radiological dose to 
the receptor that is then compared to the radiological dose consequence bin thresholds 
in Table 4-3. The consequence to the IW for the “with mitigation” scenario is 
determined qualitatively using the guidance in Table 4-3. The “without mitigation7’ 
scenario is evaluated when a facility system can be credited as a mitigative protective 
feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility 
system cannot be credited, the Without Mitigd’on column is marked “Not 
Applicable. ” 
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Non-criticality radiological dose consequences for the CW and the MOI are 
determined using the formulation presented in Section 4.2.1, Radiological Rzsk. For 
all accident scenarios not dealing with severe weather induced accidents (e.g., high 
wind, tornado), a conservative atmospheric dispersion factor (i.e., 95& percentile x/Q 
value) is used in the calculation of CW and MOI radiological dose consequences for 
comparison to the dose thresholds in Table 4-3. The MAR section in the scenario 
discussion describes how the effective MAR was determined. The effective MAR is 
an input to the dose consequence calculation and can affect the consequence bin 
determination. The consequence section in the scenario discussion describes which 
inherent mitigative features, if any, were specifically credited to arrive at the assigned 
consequence bin for the Without Mitigation column entry. Inherent mitigative 

7-5 NSTR-006-99 
Rh4RSWMFSafetyAMlySiS 



Accident Analvsis Process 

Revision 0 
10199 

features are included in the Protective Feature column of the accident scenario 
summary table and are higldighted as underlined text to distinguish the inherent 
protective features fiom credited mitigative features identified as part of the scenario 
risk reduction process, the results of which are displayed in the With Prevention 
column. 

Scenario Risk Class - Without Preventiomitiption & With prevention/ 
Mitigation Columns: These columns present a determination of accident scenario 
risk class associated with the crediting of potentially varying sets of protective 
features. The scenario risk class is determined by entering Table 4-1 with the scenario 
fiequency and consequence bin assignments for a specific receptor, as discussed in 
Section 4.2, fisk Classijkation Methodology. If the scenario risk class displayed in 
the With Revention&fZtig&n column is Risk Class I or Risk Class II for either the 
IW, CW or the MOI, then the scenario will be considered a Risk Dominant Accident 
Scenario in individual facility AB documents. The individual facility AB documents 
will discuss application of additional controls that could reduce the scenario risk class. 
The ‘kithout mitigation” scenario is evaluated only when a facility system can be 
credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA 
filtration, etc.). When a facility system cannot be credited, the Without 
fievention&fZtigation column is marked “Not Applicable. ” 

Protective Feature Column: This column presents the preventive and mitigative 
protective features credited in the evaluation of or providing defense-in-depth for each 
accident scenario. As noted in the Scenario Frequency and Scenario Consequence 
column discussions, protective features that are underlined were inherently credited in 
the initial frequency and consequence bin assignments for the scenario. Protective 
features that are not underlined may be part of an additional set of features that were 
credited in the final fiequency and consequence bin assignments for the scenario. 
Alternatively, features that are not underlined may be a set of identified 
defense-in-depth protective features (see the entries in the Feature Type column for 
classification). The function performed by each of the protective features listed in the 
table is dehed in the accident scenario discussion text. 

It should be noted that all accident scenarios inherently credit an integrated set of 
SMPs to provide an infktructure for conduct of operations and for general 
implementation and maintenance of any specifically identified controls. 

Feature Type Column: This column identifies whether the protective feature listed in 
the Protective Feature column of the table is considered a credited feature (indicated 
by the letter, “C”) or a feature that is not directly credited in the scenario frequency or 
consequence bin determinations but serves as a defense-in-depth feature (indicated by 
the letter, “D) .  A credited protective feature can be directly tied to a reduction in 
accident scenario frequency or consequences, even though the reduction may not be 
sufficient to change a frequency or consequence bin assignment. A defense-in-depth 
protective feature cannot be related to the scenario fiequency or consequence bin 
determinations but provides additional layers of defense for the protection of the 
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public, CW, or IW. The defense-in-depth features are identified in the control set 
adequacy and vulnerability discussions. 

Feature Purpose Column: This column identifies whether the protective feature 
listed in the Protective Feature column of the table performs a preventive fimction 
that may be credited in scenario frequency reduction (indicated by the letter, “l?”), 
performs a mitigative hc t ion  that may be credited in scenario consequence reduction 
(indicated by the letter, “M”), or performs a combination of prevention and mitigative 
functions (indicated by the letters, ‘‘PW). An example of the latter situation is the 
fire suppression system that may prevent large fires while mitigating the consequence 
of the smaller, suppressed fire. 

Reference to TSRS Column: This column cross-references an identified protective 
feature to the corresponding Limiting Condition for Operation (LCO) or 
Administrative Operating Limit (AOL) in the Waste M&gement Facility Technical 
Safety Requirements. 

0 
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Metal LLW box 

Metal LLW drum 

Metal LLW drum’ 

TRUPACT 11 S W B  or 
metal waste box 

TRU drum 

TRU drum’ 

8. STORAGE A N D  HANDLING (SEI) ACCIDENT ANALYSIS 

single 3grams - 3- 

single 0.5 grams 0.5 grams 

pallet, 4 containers 2grams 1.5 grams 

single 320 grams 320 grams 

-. 

single 200 grams 200 grams 

pall& 4 containers 800 grams 600 grams 

This section presents the accident analysis for the fire, spill, and explosion accident 
scenarios associated with SH activities as identified in Table 6-2, Storage and Handling (SH) 
Accident Scenarios: 

Fires: 
Facility Fire: 1 mega-watt (MW) 

0 Facility Fire: 4 M W  

Container Spill: Internal Corrosion 
Container Spill: Dropmall 
Container Spill: Puncture 
Container Spill: Impact 

Container Spill/Fire: External Event 

Container Explosion 

Spills: 

Spill/Fire: 

Explosions: 

.- 
8.1 FlRE SCENARIO ACCIDENT ANALYSIS 

8.1.1 Fire Scenario Development and Selection 

The analyzed fire sceharios include a small 1 MW fire and a larger 4 M W  fire involving 
transient combustibles (e.g., plywood, wooden pallets, etc.) ignited in close proximity to stored 
waste containers. Fire scenarios involving routine activities (ex.., direct flame impingement 
during cutt.ing/welding activities) are evaluated in Section 13, Routine Activities @A) Accident 
Analysis. The MAR values associated with the container types evaluated in the fire scenarios are 
presented in Table 8-1. - 

- 
Table 8-1 Fire Scenario MAR Values 
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Waste management facility storage areas include: (1) small rooms with relatively low 
ceilings; (2) large rooms with relatively high ceilings; and (3) outside storage areas. All of the 
TRU waste storage areas are inside facilities and are equipped with automatic sprinkler systems. 
Storage areas that have TRU waste exclusively packaged in Pipe Overpack Containers are not 
required to have a sprinkler system. Most of the LLW storage areas have no fire suppression 
systems. Credited protective features identified in the discussions that follow will be indicated in 
bold italicized text. 

In order to determine representative fire scenarios to evaluate further, an assessment of the 
impact of a fire on various waste containers is necessary. POCs and Type B containers are 
designed in a manner that precludes failure of the containers during expected storage area fires 
(Ref. 34). POCs are vulnerable to long-duration fuel pool fires, but storage area fires are 
postulated as solid combustible material fires of short duration (10 minutes). Fires involving 
flammabldcombustible liquids are not considered because a fiteVcombustible loading and 
ignition source control program restricts the introduction of flammabldcombustible liquids into 
waste storage areas. Attributes of the fitevcombustible loading and ignition source control 
program include (1) storing flammabldcombustible liquids inside NFPA approved cabinets, 
(2) limiting the quantity of flammabldcombustible liquids, and (3) prohibiting the use of fossil- 
fueled material handling vehicles in interior waste storage areas. 

Storage area fires are capable of impacting the radioactive material inventories of LLW 
and TRU waste containers @e., metal boxes and drums). ThefiteVcombustible loading and 
ignition source control program prohibits wooden waste crates fiom most waste storage areas. 
Fire scenarios involving wooden waste crates are not evaluated in this NSTR. Such scenarios will 
be added in a future revision ifnecessary. While metal waste containers are not combustible, 
combustible material contents may be affected by fires outside the container resulting in pyrolysis, 
failure of the metal container lid seal, and venting of pyrolytic gases containing radioactive 
material through the failed container seal. For high temperature and fast burning fires (e.g., fbel 
pool fires), the rate of pyrolytic gas generation and pressure increase in the container may exceed 
the rate at which the container can vent, resulting in a loss of the container lid and ejection of 
some of the container contents. Because flammable/combustible liquids and other combustible 
materials with high heat release rates are controlled in waste management facilities by the 
fiteVcombustible loading and ignition source control program, fires with heat release rates 
SUfEicient to cause container lid loss are not further evaluated. 

Fire Hazard Analyses (FHAs) supporting waste management facilities indicate that the fuel 
loading and fire potential in waste storage areas are generally low. Most facilities use only metal 
pallets for storage of waste containers. When stacked, these pallets are separated from the drum 
lids below by plywood sheets. The plywood sheets are combustible but are d8icult to ignite. 
Wooden pallets are present in several facilities. These pallets are used for operational purposes 
(e.g., material movement) and unused wooden pallets are not typically stored inside waste storage 
areas. Additionally, any combustible materials present inside a waste storage area must have a 
five-foot separation from waste containers (an attribute of the j2eVcombustible loading and 
ignition source control program). 
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30 . 

40 

In order to model representative fire scenarios, it is assumed that up to ten wooden pallets 
are inadvertently left in a waste storage area and that the pallets are witbin five feet of stored 
waste containers. Such a condition represents a failure of thefireVcombustible loading and 
ignition source control program and its specific attribute of maintaining a five-foot separation. 

0 . 

279 2,046 ' 2,200 

370 4,200 4,400 

Fire Protection Engineering (FPE) has concluded that a stack of three wooden pallets has 
a heat release rate of approximately 1 MW, a stack of five wooden pallets has a heat release rate 
of approximately 2 MW, and a stack of 10 pallets has a heat release rate of approximately 4 MW.  
For waste management facilities, it is judged that a failure of thefireVcombustible loading and 
ignition source control program would most likely result in a 1 M W  fire. However, depending 
on how much combustible loading occurs, larger 2 MW and 4 MW fires are credible. 

The ability of an automatic sprinkler system to suppress a fire is dependent on the fire 
heat release rate, ceiling height, and actuation time of the sprinklers. Waste storage area ceiling 
heights range fiom about 10 feet up to approximately 40 feet. Table 8-2 presents the results fiom 
a simplified fire analysis (Ref 35) showing the minimum heat release rate, for moderate rate fires, 
required to actuate a sprinkler system for various ceiling heights. This information is not intended 
to be exact, but is intended to be an approximation of minimum fire sizes to actuate sprinkler 
systems. 

Table 8-2 Minimum Heat Release Rates to Actuate Sprinklers for Various Ceiling Heights 

0 
I 10 I 109 I 13 1 I 138 I 
I 20 I 193 I 743 I 784 I 

Based on the information in Table 8-2, a 1 MW or 2 MW fire will actuate sprinklers in 
areas with ceiling heights of 20 ft or less and neither fire will actuate sprinklers in areas with 
ceilings in excess of 30 ft. A 4 MW fire will actuate sprinklers in areas with ceiling heights up to 
40 ft. 

8.1.1.1 1 MWFire 

An area approach can be used to conservatively estimate the number of waste containers 
impacted by a 1 MW fire involving stacked wooden pallets placed up against metal waste 
containers. Wooden pallets are approximately 4 ft wide by 4 ft long and 4 inches high. A stack 
of three pallets is therefore approximately one foot high. Fm-five gallon metal waste drums are 
approximately 2 feet in diameter and 3 feet in height. Metal waste boxes and SWBs are 4 feet in 
height. Assuming the flame height is twice the height of the combustible load 
(e.g., approximately two feet), the 1 MW fire would have direct flame impingement on only the 

Revision0 
10199 

1 L' 

8-3 NSTR-006-99 
RMRS WMF Safety Analysis 



SHAccident Analvsis 

1MW 

first tier of waste containers. If the sprinkler system fails to actuate, it is assumed that the fire 
would self extinguish within ten minutes and impact only 3 drums (the comer drum and two 
adjacent drums on the first tier) or 1 metal box/SWB. However, if the sprinklers actuate, the 
1 M W  scenario would likely impact less than 3 drums or 1 metal box/SWB. Table 8-3 presents a 
summary of the number of drums impacted by facility fires for both unmitigated and mitigated 
(i.e., automatic sprinkler system actuation) cases. 

sprinklers Eaivnot actuated 3 1 

sprinklers work 3 1 

Table 8-3 Number of Waste Containers Impacted for Various Situations 

sprinklers work 6 1 

A stack of ten pallets, yielding a 4 M W  fire, is also possible in waste storage areas. A 
stack of ten pallets is approximately 3.3 ft high. Assuming the flame height is twice the height of 
the combustible load (e.g., approximately 6.7 feet), the 4MW fire would have direct flame 
impingement on the first three tiers of waste containers. If the sprinkler system fails to actuate, it 
is assumed that the fire would eventually self extinguish and impact 9 drums (the comer drums 
and two adjacent drums on each of the first three tiers) or 2 metal boxedSWBs. However, 
assuming that the automatic sprinkler system actuates, the 4 MW fire would be mitigated and 
would impact 6 dnuns or 1 SWB. Table 8-3 presents a summary of the number of drums 
impacted by facility fires for both unmitigated and mitigated (i.e., adtomatic sprinkler system 
actuation) cases. 

8.1.1.3 Representative Fire Scenarios 
_- 

The representative fke scenarios evaluated for waste management facility SH activities are: 
0 Fire Scenario 1 - 1 MW Waste Container Fire 

Fire Scenario 2 - 4 MW Waste Container Fire 
-- 
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8.1.2 Fire Scenario 1 - 1 MW Waste Container Fire 

This accident scenario is discussed below and is summarized in Tables 8-4 and 8-5. 
Credited protective features identified in the discussions that follow will be indicated in bold 
italicized text. The radiological dose QUDIDOSE) calculations for this scenario are provided 
after the Accident Consequences section. 

Accident Scenario 

A 1 M W  fire may occur as a result of the presence of flammable gases (HazaraYEnergy 
Source 5B), hydraulic fluid (HmaraYEnergy Source 6B) or other combustibles (HazardEnergy 
Source I3G) being ignited during the conduct of hot work (Hazar&?Znegy Source 5C), by 
exposuie to electrical system components (HmaraYEnerrgV Source 5E), or by a facility lightning 
strike (HmardEnergy Source 1 3 4  The fire is assumed to initially involve combustible materials 
located in close proximity to stored waste containers. The combustible loading associated with 
the fire is modeled as three wooden pallets located withjn five feet of waste containers. Per Fire 
Protection Engineering (FPE), a stack of three wooden pallets has a heat release rate of 
approximately 1 MW. The fire causes heating of the waste containers, pyrolyzing of the container 
contents, and subsequent venting of container gases containing radioactive material through the 
failed container lid seals. A violent loss of the lid fiom overpressure of the container is not 
postulated to occur due to the relatively slow heating rate of a solid combustible material f i e  
(versus a flammable liquid pool fire that can cause lid loss), and the relatively low heat flux and 
total heat energy associated with the limited amount of combustibles. This assumption is 
supported by a fueVcombustible loadng and ignition source control program that restricts 
flammable/combustible liquids and other combustible materials with high heat release rates fiom 
waste management facilities, or strictly controls the use of any such combustible materials. It is 
assumed that the 1 MW fire does not actuate the automatic sprinkler system and that the fire self 
extingwshes without involving additional waste containers. 

Based on the MAR values in Table 8-1, the bounding container typedconfigurations 
evaluated for the 1 MW fire scenario are Case A: one LLW box (1 box = 3 grams WG Pu versus 
3 drums = 1.5 grams WGPu) and Case B: three TRU waste drums (3 drums = 600 grams WG Pu 
versus 1 box/SWB = 320 grams WG Pu). 

The 1 MW fire is modeled as a confined material release due to the assumption that the 
fire only fails the container lid seals and does not lead to container lid loss. This assumption is 
supported by a waste container integrity control. The fire may last for 30 minutes or more but is 
conservatively evaluated as a short duration fire (modeled as a lominute release). Due to the 
limited amount of heat energy associated with this fire, a ground-level (non-lofted) release of the 
radioactive.material is conservatively assumed. 

Scenario Modeling Assumptions: Cases A and B: fire; contined material; 10 minute 
duration; non-lofted plume. 
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Accident Frequency 

The postulated accident scenario is considered an unlikely event due to the 
j2eVcombustible loading and ignition source control program. Attributes of the 
fireVcombustible loading and ignition source control program include (1) combustible materials 
must have a five foot separation fiom stored waste containers; (2) restrictions on the introduction 
of flammable liquids or other high heat release rate combustibles into waste storage areas without 
appropriate controls; (3) restrictions on smoking in the facilities; and (4) requirements that hot 
work permits be developed for the conduct of any spark heat, or flame producing work in the 
facilities. 

Scenario Modeling Assumptions: unlikely event. 

Material-At-Risk 

It is assumed that there is one or more failures of thej2eVcombusfible loading and 
ignition source control program that includes the attribute to not place combustible materials 
within five feet of metal waste containers. 

For Case A, one metal LLW box (3 grams WG Pu) is involved in the fire. For Case B: 
three 55-gdon drums containing TRU waste are involved in the fire. Waste container integrity 
is credited to preclude fire propagation between waste containers. No more than 3 grams and 
200 grams (WG Pu equivalent) of radioactive material will be in a LLW box and TRU waste 
drum, respectively. This is imposed as a containerfissile maierial loading limitation. 

Scenario Modeling Assumptions: 

Case A: 1 metal LLW box; aged WG Pu; 3 grams; Solubility Class W DCF, DR =l. 
Case B: 3 TRU waste drums; aged WG Pu; 600 grams; Solubility Class W DCF; DR = 1. 

Accident Consequence 

Case A: The radiological dose consequences of a facility fire involving one LLW metal 
box are low to the MOI (4.8E-3 rem @ 1,200 4 1.7-E3 rem @ 2,367 m), and low to the CW 
(0.23 rem). The resulting risk class for Case A is Risk Class III for both the MOI and CW 
(unlikely fiequency, low consequences). 

Case B: The radiological dose consequences of a facility fire involving three TRU waste 
drums are moderate to the MOI (0.96 rem @? 1,200 4 0.34 rem @ 2,367 m) and high (47 rem) 
to the CW. The resulting risk class for Case B is Risk Class 11 for the MOI (unZikely frequency, 
moderate consequences) and Risk Class I for the CW (unlikely frequency, high consequences). 

The IW located in the vicinity of the fire could be seriously burned as a result of facility 
fire scenarios (e.g., by coming in close proximity during egress or while attempting to control the 
fire). The more likely mechanism for IW serious injury or death deals with exposure to smoke 
leading to asphyxiation or to noxious components of the smoke. There is the potential for the IW 
to inhale radioactive material being carried in the effluent fiom the fire, but the IW would have to 
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remain in the vicinity of the fire or in the path of the effluent. It would be relatively easy for the 
IW to vacate the area with minimum dose impact if the IW is not incapacitated. The radiological 
dose consequences for the IW are qualitatively judged to be low due to: (1) the limited amount of 
radiological material that is released due to container f i d e  muferial loading limits; (2) the 
indicators of a fire (e.g., smoke, flames) that inform the IW of the event; and ( 3 )  building 
emergency response that directs the IW to evacuate. The resulting risk class for the scenario is 
Risk Class III for the IW (unlikely frequency, Zm consequence). 

0 
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Airborne Release Fraction = 
Respirable Fraction = 

Breathing Rata ( m h )  = 
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Effective MAR, Including DR (g) = 
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c0110cated Worker Ua (s/m3 = 
Public UQ (dm) = 

Ambient Leakpath Factor (Not HEPAI = I 
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PlumwRelease Ourabon h n I  = 

Three 
Respirable Initial Swm Term (g) = 1.50E03 Four 

Oescnbe Scenario: 

93E-10 1.9E-11 
1.9E-12 3.9E-14 

Three 
Four Respirable Initial S o u m T m  (g) = 1.50E-03 

9.3E-10 6.9E-12 
1.9E-12 1.4E-14 

N o n - C r i t i c a  l i ty  A c c i d e n t s  

Form of Material (1-1 1 

Ambient Leabath 

Fire Scenario 1 - Case A; Radiological Dose Consequences; 2,367 m 

Revision 0 

,ZC Best Available Copy 
8-8 NSTR-006-99 

RMRS WMF Safety Analysis 



I 

1 Ambient Leakpath Factor ( k t  HEPP;) =I l.OOE+OO 

Respirable Initial Source Term @) = 3.00E-01 
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One 4.7E-02 9.6E-04 
TW 9.3E-05 1.9E-06 

Three 1.9E-07 3.9E-09 
Four 3.7E-10 7.7E-12 

I N o n - C r i t i c a  l i ly A c c i d e n t s  

95th % 
neay Aaivitv 
Confined Mat 
W 

Ambient Leabath 
Describe Scemrio: 

Mass of Mate  if Applicable @) = 
PlumdRelease Duration (min) = 

_I_-. ..- 

Effective MAR. lndu 

Fire Scenario 1 - Case B; Radiological Dose Consequences; 1,200 m 

N o  n -Cr i  ti ca  l ity Acci d e n  ts  

Material at Risk (9) = 
Ambient Leakpath Factor (not HEPA) = 

Fire Scenario 1 - Case B; Radiological Dose Consequences; 2,367 m 
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Table 8-4 Fire Scenario 1, Case A - 1 M W  Fire - 1 Metal LLW Box 

- 
Effective MAR = 3 grams of aged WG Pu 

[less likely] CC, CR, RT, GN, RA ~ost likely] SI 
P 

Unlikely 

Unlikely 

Unlikely 

- 

C 
C 
C 
C 
D 
D 
D 

P ... 

LOW 

4.8E-3 rem 

Q 2.367 m 

LOW 
1.7E-3 rem 
LOW 

0.23 rem 

LOW 

__I . .  

. .  

Not 
Applicable 

Not 
Applicable 

Not 
Applicable 

- . . . . . . . . . 

. . .  

@ 1,200 m 

111 

Q 2.367 m 

Ill 

111 

111 

. . . . . . . . . . . . 

. . . . . . . . . . 

AOL 1 
AOL 1 
AOL 8 
AOL 8 
AC 5.4 
AC 5.6 
AC 5.4 

M 
M 

PIM 
P 
P 
P 
M 

Container Integrity 
Container Fissile Material Loading 
FueVCombustible Loading 
Ignition Source Control 
F i e  Extinguishers 
Training 
Pi Phond i re  Dep+ent Response 

Not 
Applicable 

Not 
Applicable 

Not 
Applicable 

Anticipated MOI 

cw Anticipated 

Anticipated 

Container Integrity 
Container Fissile Material Loading , 

FueVCombustible Loading 
Ignition Source Control 
Emergency Response 
Training 
Fire PhonedFire Department Response 
LS/DW 

M 
M 

P/M 
P 
M 
P 
M 
M 

AOL 1 
AOL 1 
AOL 8 
AOL 8 
AC 5.5 
AC 5.6 
AC 5.4 
AC 5.5 

IW 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without PreventionlMitigation Scenario Frequency/Consequence/Risk Class determinations. 
The “w’rhout mitigation” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Mfhour Mitigarion and Mfhorcr ~ e v e n ~ ~ l ~ b n  columns are marked “Not Applicable. ” 

: 
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MOI 

cw 

IW 

Table 8-5 Fire Scenario 1, Case B - 1 MW Fire - 3 TRU Drums 

Anticipated 

Unlikely 

Anticipated 

P . . . . . . . . . . . . 

Unlikely 

Unlikely 

Unlikely 

[less likely] CC, CR, RT, ON, 

I 1,200 m 

Moderate 
0.96 rem 

Not 
Applicable 1- 

Moderate 
0.34 rem 

Not Low 

Not 
Applicable Low 

A 

Not I I1 
Applicable lle’.3”.l 

I I1 

I Not 
Applicable 

111 Not 
Applicable 

Container Integrity 
Container Fissile Material Loading 
FueYCombustible Loading 
Ignition Source Control 
Fire Extinguishers 
Training 
P i e  Phones/Fire Department Response 

I Same as MOI 

container Integrity C 
Container Fissile Material Loading C 
FueVCombustible Loading C 
Ignition Source Control C 
Emergency Response C 
Training D 
F i e  Phoneslpi Department Response D 
LSDW D 

M 
M 

P/M 
P 
P 
P 
M 

M 
M 

P/M 
P 
M 
P 
M 
M 

AOL 1 
AOL 4 
AOL 8 
AOL 8 
AC 5.4 
AC 5.6 
AC 5.4 

AOL 1 
AOL 4 
AOL 8 
AOL 8 
AC 5.5 
AC 5.6 
AC 5.4 
AC 5.5 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without PreventionMitigation Scenario Frequency/Consequence/Risk Class determinations. 
The “wifhout mitigation” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Wuhouf Mitigarion and Wuhouf Reve&nMifig&n columns are marked “Not Applicable. ” 
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8.1.3 Fire Scenario 2 - 4 MW Waste Container Fire 

This accident scenario is discussed below and is summarized in Tables 8-6 and8-7. 
Credited protective features identified in the discussions that follow will be indicated in bold 
italicized text. The RADIDOSE calculations for this scenario are provided after the Accident 
Consequences section. 

Accident Scenario 

A 4 MW fire may occur as a result of the presence flammable gases (HmaraZnergy 
Source SB) or other combustibles (Hmarmnergy Source 13G) being ignited during the conduct 
of hot work (Hmaranergy Source5C), by exposure to electrical system components 
(Hmar&Energy Source SE), or by a facility lightning strike (Hmar&nergy Source I3H). The 
fire is assumed to initially involve combustible materials located in close proximity to stored waste 
containers. The combustible loading associated with the fire is modeled as ten stacked wooden 
pallets located within five feet of waste containers. Per FPE, a stack of ten wooden pallets has a 
heat release rate of approximately 4MW. The fire causes heating of the waste containers, 
pyrolyzing of the container contents, and subsequent venting of container gases containing 
radioactive material through the failed container lid seals. A violent loss of the lid from 
overpressure of the container is not postulated to occur due to the relatively slow heating rate of a 
solid combustible material fire (versus a flammable liquid pool fire that can cause lid loss), and 
due to the relatively low heat flux and total heat energy associated with the limited amount of 
combustibles. This assumption is supported by the requirement of a fuevcombustible hading 
and ignition source control program that restricts flammabldcombustible liquids and other 
combustible materials with high heat release rates fiom waste management facilities or strictly 
controls the use of any such combustible material in waste management facilities. It is assumed 
that the 4 MW fire actuates the automatic sprinkler sysfem, which mitigates the fire. 

The bounding container types/co&gurations evaluated for the 4 M W  fire scenario 
depends on whether the fire is. mitigated (e.g., automatic sprinkler system actuated) or 
unmitigated (e.g., automatic sprinkler system actuated). 

Based on the MAR values in Table 8-1 and the number of containers impacted for various 
situations shown in Table 8-3, the LLW container configuration evaluated is for an unmitigated 
4 MW fire involving two metal LLW boxes (2 boxes = 6 grams WG Pu versus 9 drums = 4.5 
grams WG Pu). A mitigated fire involving metal LLW boxes is not evaluated because waste 
management facilities that store only LLW are generally not protected by an automatic sprinklet 
system. The 4 M W  fire scenario impacting metal LLW boxes is evaluated as Case A. 

The bounding TRU waste container type/configuration evaluated for an unmitigated 
4 M W  fire scenario is nine drums (9 drums = 1,800 grams WG Pu versus 2metal 
boxes/SWBs = 640 grams WG Pu). By crediting an automatic sprinkler system, the mitigated 
scenario involves six drums (6 dnuns = 1,200 grams WG h versus 1 metal box/SWB = 320 
grams WG h). The 4 MW fire scenario impacting TRU waste drums is evaluated as Case B. 
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The 4 MW fire is modeled as a confined material release due to the assumption that the 
fire only fails the container lid seals and does not lead to container lid loss. The fire may last for 
30minutes or more but is conservatively evaluated as a short duration fire (modeled as a 
10 minute release). Due to the limited amount of heat energy associated with this fire, a 
ground-level (non-lofted) release of the radioactive material is conservatively assumed. 

0 

Scenario ModeIing Assumptions: Case A and Case B: fire; confined material; 10 minute 
duration; non-lofted plume. 

Accident Freauency 

The postulated accident scenario is considered an unlikely event due to the 
fireVcombustible loading and ignition source control program. Attributes of this program 
include (1) a requirement that transient combustibles must have a five-foot separation from stored 
waste containers; (2)restrictions on the introduction of flammable liquids or other high heat 
release rate combustibles into waste storage areas without appropriate controls; (3) a requirement 
that no wooden waste crates are present in the waste storage areas, and (4) a requirement that hot 
work permits be developed for the conduct of any spark, heat, or flame producing work in the 
facilities. 

Scenario Modeling Assumptions: unlikely event. .. Material-At-Risk 

It is assumed that there is’ one or more failures of thefireVcombustible loading and 
ignition source control program that includes the attribute to not place combustible materials 
within five feet of metal waste containers. 

The combustible loading associated with the fire is not restricted to wooden pallets but the 
pallets are used as a representative combustible load. Small quantities of flammable liquids 
(e.g., paint cans) could also be a candidate for the initial fire but it is expected that other fires 
involving small quantities of flammable liquids would have less impact and lead to less container 
involvement. The metal waste container (an attribute of the container integrity administrative 
control) is credited to preclude fire propagation between waste containers 

For Case A, two metal LLW boxes are involved in the fire. No more than 3 grams of WG 
Pu equivalent will be packaged in a LLW box crediting containerfissile material loading limits. 
Therefore, the total MAR for this case is 6 grams WG Pu equivalent. It is conservatively assumed 
that the entire contents of the impacted metal waste boxes are involved in the accident scenario 

I (i.e., DR= 1). 

For Case B, nine TRU waste drums are involved in the unmitigated fire and six drums are 
involved in the mitigated fire. No more than 200 grams of WG Pu equivalent will be packaged in 
a TRU waste drum crediting containerfisile material loading limits. Therefore, the total 
effective MAR for the unmitigated Case B is 1,800 grams WG PLI equivalent and the total 
effective MAR for the mitigated Case B is 1,200 grams WGPu equivalent. It is conservatively 
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assumed that the entire contents of the impacted drums is involved in the accident scenario 
(i.e., DR= 1). 

Scenario Modeling Assumptions: 

Case A: 2 metal LLW boxes; aged WG Pu; 6 grams; Solubility Class W DCF; DR = 1 
Case B unmitig;ated: 9 drums; aged WG Pu; 1,800grams; Solubility Class W DCF; 

Case B mitigated: 6 drums; aged WG Pu; 1,200 grams; Solubility Class W DCF; DR = 1.  
DR= 1.  

Accident Consequence 

Case A: The radiological dose consequences of the 4 MW facility fire involving 2 metal 
LLW boxes are low to the MOI (9.6E-3 rem @ 1,200 4 3.4E-3 rem @ 2,367 m) and low 
(0.47 rem) to the CW. The resulting risk class for Case A is Risk Class 111 for both the MOI and 
- CW (unlikely frequency, lay consequences). 

Case B: The radiological dose consequences of the unmitigated 4 M W  facility fire 
(e.g., automatic sprinkler system not actuated) involving nine 55-gallon TRU waste drums are 
moderate to the MOI (2.9 rem @ 1,200 m, 1.0 rem @ 2,367 m) and high (140 rem) to the CW. 
The resulting risk class for the unmitigated Case B is Risk Class1 for the MOI (anticipated 
frequency, moderute consequences) and Risk Class I for the CW (anticipated fiequency, high 
consequences). 

The radiological dose consequences of the mitigated 4 MW facility fire (e.g., automatic 
sprinkler system actuated) involving six 55-gdon TRU waste drums are moderate to the MOI 
(1.9 rem @ 1,200 4 0.69 rem @ 2,367 m) and high (93 rem) to the CW. The resulting risk class 
for the mitigated Case B is Risk ClassII for the MOI (unlikely frequency, moderate 
consequences) and Risk Class I for the CW (unlikely frequency, high consequences). 

The IW located in the vicinity of the fire could be seriously burned as a result of facility 
fire scenarios (e.g., by coming in close proximity during egress or while attempting to control the 
fire). The more likely mechanism for IW serious injury or death deals with exposure to smoke 
leading to asphyxiation or to noxious components of the smoke. There is the potential for the IW 
to inhale radioactive material being carried in the effluent from the fire, but the IW would have to 
remain in the vicinity of the fire or in the path of the effluent. It would be relatively easy for the 
IW to vacate the area with minimum dose impact if the IW is not incapacitated. The radiological 
dose consequences for the IW are qualitatively judged to be lau due to: '( 1) the limited amount of 
radiological material that is released due to container fissile muterid loading limits; (2) the 
indicators of a fire (e.g., smoke, flames, actuation of the fire sprinklers, etc.) that inform the IW of 
the event; and (3) building emergency response that directs the IW to evacuate. The resultkg 
risk class for the mitigated scenario is Risk ClassIII for the IW (unlikely frequency, lau 
consequence). The resulting risk class for the mitigated scenario is Risk ClassIII for the IW 
(unlikely fiequency, moderate consequence). 
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I Ambient Leakpath Factor &ut HEPi =I 1 00500 

Raspirable Initial Source Tenn @) = 3.00E-03 

a 

OW 4.7E-04 9.6E-06 
TWO 9.3E-07 1.9E-08 

Three 1.9E-09 3.9E-I1 
Four 3.7E-I2 7.7E-14 
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N o n - C r i t i c a  l i ly A c c i d e n t s  

Breathing Rate ( , 

Form ofMaterial(1-11) = 

t Solubilw Uass (1-3) = 1 2 W 
DamageRatioI 1 1.000 , 

Airborne Release Fraction = 
Respirable Fraction 

Breathing Rate (m’ls) = 
Dose Conversion Factor (rern/g-mix) = 

Effective MAR, Including DR @) = 
Plume Expansion Factor = 

Fire Scenario 2 - Case A; Radiological Dose Consequences; 1,200 m 

I 

N o n - C r i t i c a  l i ty A c c i d e n t s  

Plume Expansion Fa 

Respirable Initial Source Tenn @) = 3.00E-03 

Fire Scenario 2 - Case A; Radiological Dose Consequences; 2,367 m 
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N o  n -Cr i  ti ca  l i t y  Acci d e n  t s  I 

Fire Scenario 2 - Case B; Radiological Dose Consequenses; 1,200 m (Mitigated) 

N o n - C r i t i c a  l i t y  A c c i d e n t s  I 

Fire Scenario 2 - Case B; Radiological Dose Consequences; 2,367 m (Mitigated) 
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5.6E-07 4.1 E49 
l.lE-09 8.2E-12 

~ 

N o n - C r i t i c a l i t y  A c c i d e n t s  

Descnbe Scenario 

V d m  1 2 - ___ . . - 

Respirable Initial Source Term (g) = 9.00E-01 

Fire Scenario 2 - Case B; Radiological Dose Consequences; 1,200 m (Unmitigated) 

N o n - C r i t i c a l i t y  A c c i d e n t s  

i Plume Expansion Factor=l 1.000 

Fire Scenario 2 - Case B; Radiological Dose Consequences; 2,367 m (Unmitigated) 
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Table 8-6 Fire Scenario 2, Case A - 4 MW Fire - 2 LLW Metal Boxes/SWBs 
. . . . . , . . . 

MOI 

P 

Unlikely 

. . . . . . . 

Not 
Applicable 

. . . .  

Not 
Applicable 

Container Integrity 
Container Fissile Material Loading 
FueVCombustible Loading 
Ignition Source Control 
Fire Extinguishers 
Training 
Fire Phond i re  Department Response 

C 
C 
C 
C 
D 
D 
D 

M 
M 

PIM 
P 
P 
P 
M 

AOL 1 
AOL 4 
AOL 8 
AOL 8 
AC 5.4 
AC 5.6 
AC 5.4 

LOW 

9.6E-3 
111 

Anticipated 
@2,367m 1 

Ill LOW 

3.4B-3 rem 
Low 

0.47 rem 

LOW 

cw Anticipated Unlikely 111 Same as MOI Not 
Applicable 

Not 
Applicable 

Not 
Applicable 

Not 
Applicable 

C 
C 
C 
C 
C 
D 
D 
D - 

Container Integrity 
Container Fissile Material Loading 
FueYCombustible Loading 
Ignition Source Control 
Emergency Response 
Training 
Fire PhonedFire Department Response 
LSDW 

M 
M 

PA4 
P 
M 
P 
M 
M 

AOL 1 
AOL 4 
AOL 8 
AOL 8 
AC 5.5 
AC 5.6 
AC 5.4 
AC 5.5 

IW Anticipated Unlikely 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without PreventionMitigation Scenario FrequencyEonsequencelRisk Class determinations. 
The “wirhouf mitigation” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA filtration, eto.). When a facility system 
cannot be credited, the Whout MtXghn and Wi/houtPreve&fltXg/Mirigation columns are m d d  “Not Applicable. ’* 
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Table 8-7 Fire Scenario 2, Case B - 4 MW Fire - 9 TRU Waste Drums 

Fire involving combustibles in close proximity to waste containers in internal waste storage areas: Mitigated. 6 TRU m, Unmitigated: 9 TRU Drums 
Mitigated Effective MAR = 1,200 grams of aged WG PU, Unmitigated: Effective MAR = 1,800 grams of aged WG PU I 

most likely] S H  [leas likely] CC, CR, RT, GN, RA .. 
. . . . . . . . .  

Unlikely 

.. 
. . . . .  

... P 

@1,200 m 

Moderate 
2.9 rem 

. . . . . . . . . . . .  

Moderate 
1.9 rem 

. . . . . . . . . . . .  
P 

@ 1,200 m 

I 

................ 
P 

@ 1,200 m 

11 

P 

MOI 

COntainerInteErity 
Container Fissile Material Loading 
Automatic Sprinkler System 
Fuel/Combudible Loading 
Ignition Source Control 
Fire Extinguishers 
Training 
Flow A l d i r e  Department Response 
Fire PhonedFire Department Response 

M 
M 
M 

PIM 
P 
P 
P 
M 
M 

M 
M 

PIM 
P 
M 
P 
M 
M - 

AOL 1 
AOL 4 
LCO 3.1 
AOL 8 
AOL 8 
AC 5.4 
AC 5.6 
AC 5.4 
AC 5.4 

Anticipated 
@2,367m I 
Moderate 
0.69 rem 

Q 2,367 m 

Moderate 
I.0rem 

@ 2,367 m 

I 

I 

@ 2,367 m 

I1 

I cw Anticipated ’ Unlikely 
High 

140 rem 

Moderate 

High 
93 rem 

LOW 

Same as MOI 

Anticipated 

C 
C 
C 
C 
C 
D 
D 
D - 

COntainerIntemity 
Container Fissile Material Loadiig 
Fuel/Combustible Loading 
Ignition Source Control 
Emergency Response 
Training 
Fire PhoneslLocal Fire Alarm 
LS/DW 

AOL 1 
AOL 4 
AOL 8 
AOL 8 
AC 5.5 
AC 5.6 
AC 5.4 
AC 5.5 

IW Unlikely I 111 

Notes: Underlined Credited Protedive Features are included as inherent and credited controls in the Without PreventiodMitigation Scenario Frequency/Consequence/RincelRisk Class determinations. 
The “without rnifigafion” scenario is evaluated when a facility system can be credited as a mitigative pratedive feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited. the Wuhouf Mitigation and Wuhout PreventtonlUirigation columns ire marked “Not Applicable. ” 
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8.1.4 Control Set Vulnerability 

and five mitigative features have been credited in the scenario consequence determination. 
Two preventive features have been credited in the determination of the scenario frequency 

The credited preventive features are: 

1.  the separation attribute of thefiteVcombustible londing and ignition source control 
program [five-foot separation between combustibles and waste containers and 
ensuring that combustible material quantities remain low] (all receptors); and 

2. the ignition source control attribute of thefireVcombustible loading and ignition 
source control administrative control [restrictions on smoking in the facility, hot work 
permits, etc.] (all receptors). 

The credited mitigative features are: 

1.  the containerfisile material loading administrative control (all receptors); 
2. the hardware control for an automatic sprinkler system (Fire Scenario 2, all 

receptors); 
3. the contaiw integrify administrative control (all receptors); 
4. the fueVcombustible loading and ignition source control [flammable liquid or high 

heat release rate material restrictions] (MOI and CW); and 
5 .  the emergency response administrative control (IW only). 

Failure of the fueVcombusfible loading and ignition source control preventive feature 
could increase the likelihood (to anticipated) that a fire could be ignited and sustained. The 
likelihood of a fire starting in a waste storage area is considered unZikeZy if these controls are 
implemented. Credited controls include (1) a requirement that transient combustibles must have a 
five-foot separation fiom stored waste containers; (2)restrictions on the introduction of 
flammabldcombustible liquids or other high heat release rate combustibles into waste storage 
areas without appropriate controls; (3) a requirement that no wooden crates are present in the 
waste storage areas; and (4) a requirement that hot work permits be developed for the conduct of 
any spark, heat, or flame producing work in the facility. 

Failure of the containerfissile material loading mitigative feature (e.g?, underestimation 
of container radiological inventory, over batching, etc.) would result in additional MAR and a 
corresponding increase in the radiological dose consequences to d receptors. 

Failure of the automatic sprinkler system mitigative feature would result in additional 
MAR involvement and a corresponding increase in the radiological dose consequences to the 
MOI and CW. The 4 M W  fire is assumed to actuate the automatic sprinkler system. Failure of 
the automatic sprinkler system to actuate is assumed to result in a larger fire that impacts nine 
55-gdon waste drums or two metal waste boxedSWBs before self extinguishing. 
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'- Failure of the container integrity mitigative feature (potential lid loss) or fire propagation 
between containers would result in a higher airborne release fraction. Credit is taken for this 
mitigative feature to preclude fire propagation between waste containers, thus reducing the 
amount of MAR involved. 

0 

Failure of thefieVcombustible loading and ignirion source control mitigative feature 
dealing with the introduction of high heat rate combustibles can result in a higher heat release rate 
fire and potential container lid loss. Upon lid loss, container contents can become involved in the 
fire scenario as unconfined combustible material. The airborne release fiaction for uncodined 
material is two orders of magnitude higher than for confined material. 

Failures of the emergency response mitigative feature (Le., inadequate emergency plan) 
can result in additional IW exposure to airborne radioactive materials. 

In all situations discussed above, the following defense-in-depth features tend to mitigate 
or prevent the scenario but are not credited in the analysis: 

e 

e 0 
e 

e 

e 

l 
l e 

e 

Fire Phonedocal Fire.Alarm (IW only): Fire phone use activates localfire alarms and 
can reduce IW consequences by providing indication of a fire to facility personnel. Facility 
management may be informed by various alarms or personnel may be aware of the fire and use 
the fire p hone. 

Flow AlarMire Department Response (MOI and CW only): For fires in areas covered by 
the automatic sprinkler system, flow alarm transmittal to the Fire Dispatch Center can lead 
to scenario mitigation due to Fire Department response. 

Fire Phoneflire Department Response (MOI and CW only): Fire phone communication 
to the Fire Dispatch Center can lead to scenario mitigation due to Fire Department response. 

Fire Extinguishers are located throughout waste storage areas and are well maintained as 
required by the Fire Protection Safety Management Program . Use of fire extinguishers by 
facility personnel could mitigate the scenario by extinguishing the fire before container 
material release occurs. Although personnel do not receive hands-on portable fire 
extinguisher training, general training concerning fire extinguisher use is provided during the 
General Employee Training. 

Training (all receptors): The operator training program is an additional preventive feature 
that can potentially reduce the likelihood of incorrect introduction or placement of 
combustibles. 

Training (IW only): The IW training program is an additional mitigative feature that can 
reduce IW consequences as a reinforcement of the emergency response evacuation guidance. 

Ls/I) W (lW only): Facility management or other personnel can utilize the LSD W system to 
reduce IW consequences by announcing the fire to facility personnel. 
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Reduces the likelihood of Q p e B  
shippirig container failure from scenarios 
dealing with facility fires, other than 
direct flame impixgement torch fires, to 
Beyond fitremely Unlikely. 

8.1.5 Fire Scenario Assumptions 

In the evaluation of facility fire scenarios, assumptions are identified for prevention andor 
mitigation of the accidents. Table 8-8 presents a listing of the assumptions specified in the 
evaluation of fire scenarios. The scenarios to which each assumption applies are listed in the table 
along with the impact of the assumption. The bold italicized text in the Assumption Impact 
column identifies a credited protective feature that is carried forward to the Wmte Management 
Facilities Technical SMety Requirements. 

Fire Scenario 1 
Fire Scenario 2 

Fire Scenario 2 - 
CaseBOdy 

Table 8-8 Fire Scenario Assumptions 

container I . &  me Overpack Container) 
Reduces the consequences of fire growth 

Fue Exlingpishers 

Reduces the consequences of fire growth 
fiom the 4 MW fire. 

LLW containers contain no more 
than 0.5 grams WGPu equivalent in 
drums and 3grams WGPu 
wuivalent in metal boxes. 
TRU waste containers contain no 
more than 200grams WGPu 
equivalent in drums and 320grams 
WGPu equivalent in metal 
boxedSWBs. 
TypeB shipping containers canuot 
be breached by any external fires 
expected during storage and 
handling operations. 

POCs cannot be breached by any 
external fires expected during 
storage and handling operations. 

Fire extinguishers are available and 
maintained to allow personnel fire 
suppression actions. 
Automatic sprinkler systems are 
located in al l  TRU waste storage 

Metal waste container lids cannot be 
removed from the containers due to 
internal overpressurize from 
exposure to expected fires. 

areas. 

Fire Scenario 1 
Fire Scenario 2 

Sets the potential MAR for scenarios 
impacting LLW containers 
Container F&Mat&Loading 

Fire Scenario 1 
Fire Scenario 2 

Sets the potential MAR for scenarios 
impacting TRU waste containers 

container Fide Material Loading 

Fire Scenario1 
Fire Scenario 2 

Fire Scenario 1 
Fire Scenario 2 

Fire Scenario 1 
Fire Scenario 2 

Auto& Sprinkler System 

Reduces the likelihood of metal waste 
container fire-induced lid loss associated 
with expected fires to Beyond Extremely 
Unlikely. 

I Container Int- 
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Metal waste container fires m o t  
propagate from container to 
container by exposure to expected 
h S .  

Table 8-8 Fire Scenario Assumptions 

A combmile material and ignition 
source control program shall be 
implemented to make fires in areas 
containing staged or stored 
radioactive material unlikely events. 

Attriiutes of combustiile material 
control include: 

0 high heat release rate 
combustible material 
~strictions; 

0 no wooden crates in internal 
waste storage areas; 

0 combustiiles have five-foot 
sewnation fiom waste 
containers 

Attn’butes of ignition source control 
include: 

0 restrictions on smokng in 

0 hot work DeTmits 
facilities; 

Fire Scenario 1 
Fire Scenario 2 

Fire Scenario 1 
Fire Scenario 2 

Waste Management Facilities will 
develop faciliity-speafic Emergency 
Plans. 

Fire Scenario 1 
Fire Scenario 2 

Reduces the likelihood of container- 
tocontainer fire propagation associated 
with expected fires to Beyond Extremely 
Unlikely. 

container Integrity 
Reduces the likelihood of facility fires 
potentially impacting radioactive 
material to Unlikely. 

FueUCombustible Loading and 
Ignition Source Control 

Reduces the exposure of the IW to 
releases. 

Emergency Response 
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Metal LLW box 
MetalLLWdrum 
MetalUWdnun 
Metal LLW drum 

8.2 SPILL SCENARIOS 

single 3grams 3grams 
single 0.5 grams 0.5 grams 

pallet, 4 containers7 banded 2grams 0.5 grams 

pallet, 4 containers, not banded 2grams 2- 

8.2.1 Spill Scenario Development and Selection 

The analyzed spill scenarios include a spill fiom a metal container due to internal 
corrosion, a spill of waste container(s) due to dropdfalls, a spill of waste container@) resulting 
fiom impact with material handling equipment, and a spill of waste container(s) resulting fiom 
impact fiom a compressed gas cylinder. Spills initiated by natural phenomena hazards and 
external events are evaluated in Sections 8.4 and 8.5, respectively. 

single 
TRUPACI' II SWB or 
metal wastebox 

The MAR values associated with the container types evaluated in the spill scenarios are 
presented in Table 8-9. The effective MAR for scenarios involving banded drums is less than for 
the same scenarios involving drums that are not banded. It is assumed that a banded pallet of 
dnuns falls in such a manner that one drum on the pallet is the fist to impact the concrete floor 
and the other three drums impact the first drum causing it to breach. The fist drum absorbs some 
of the force of three drums impacting it and the three drums are not postulated to breach. If the 
pallet of drums are not banded, it is assumed that each of the four drums can individually impact 
the floor and breach. 

320 grams 320 grams 

Table 8-9 SpiU Scenario MAR Values 

_ _ _ _ ~  ~~ 

TRU drum 
TRU drum 

pallet, 4 containers, banded 800 grams 200 grams 

pallet, 4 containers, not banded 800 grams 800 grams 

TRU drum I single I 200 grams I 200 grams I 

8.2.1.1 Container: Internal Corrosion 

This scenario is initiated by corrosive materials in the waste containers (Haar&nergv 
Source I3B). Corrosives can weaken the container walls and reduce the structural capacity of the 
container. When a weakened container is handled/moved (HazaruEnergy Source IIA), it could 
breach and release of a portion of the container contents. This is an unZikeZy event that potentially 
involves the entire contents of a single waste container. The simultaneous failure of multiple 
containers due to corrosion beyond extremely unZikely and is not evaluated further. The single 
container scenario is not evaluated further because when it is compared to the drop/fall scenario, 
the frequency is less likely (unZikeZy versus anticipafed) and the potential MAR is the same. 
Therefore, this spill scenario is not evaluated M e r .  

Revision 0 
10199 

Id I 
8-24 NSTR-006-99 

RMFS WMF Safety Analysis 



SH Accident Analysis 

8.2.1.2 Container: Drop/Fall 

To evaluate a bounding container drop/fall scenario the various waste container 
configurations (e.g., single container or pallet of containers) and waste container types 
(e.g., 55-gdon drum, TRUPACT II SWB, metal waste box) must be examined. 

Spills fiom waste containers can be caused by drops/falls fiom forklifts during waste 
movement (Hazar&??nergy Source 8A), dropdfalls fiom upper tiers of stacks (Hazaranergy 
Source8B) due to stack impacts, and fiom vehicle impacts during movement or storage 
(Hmar&!?nergy Source 7A). It is assumed that drops or falls of distances greater than four feet 
are necessary to cause damage to the container whereby a release of radioactive material is 
possible. Waste containers stored in waste management facilities meet on-site transportation 
requirements [i.e., at a minhum, the containers meet Type A specifications (qualified for a 4 foot 
drop) or are considered equivalent to TypeA containers]. Fifty-five-gallon waste drums that 
topple or fall fiom the third or fourth tiers are susceptible to breach resulting in a radioactive 
release. Waste boxes may be stacked up to four high. The waste boxes are approximately 
fourfeet high, therefore boxes are susceptible to dropdfalls that could result in a radioactive 
release ifthey are stacked on or above the second tier. 

It is conservatively assumed that 100% of the contents of a waste container is released as 
a result of a drop/fd of greater than 4 feet. This is considered conservative because: (1) it is 
unlikely that the container lid will completely separate during impact of the waste container with a 
hard surface; and (2) it is unlikely that all internal packaging will breach, releasing all of the 
radioactive material. In a drop/fd of a pallet of banded drums, it is assumed that only one of the 
four drums is breached, releasing its entire contents. In the banded configuration, it is assumed 
that one drum takes the brunt of the impact with the hard surface with the weight of the other 
drums contributing to the impact forces on the drum. 

0 

Table 8-9 shows the estimated effective MAR for the different container configurations 
that may be involved in a drop/fall. These MAR values are used to determine which drop/fall 
scenario to evaluate firher in Section 8.2.2 as a representative bounding spill scenario for SH 
activities. 

8.2.1.3 Container: Puncture 

A radioactive material (Hmar&Energy Source 4A, HazaraEnergy Source 4B, or 
HazaraEnergy Source 4C) spill is postulated to occur as a result of puncturing a LLW or TRU 
waste container. Waste containers may be punctured by vehicle handling equipment 
(HazardEnergy Source 7A) or by compressed gas bottles (Hazaranergy Source 6C) that 
become airborne missiles. The puncture of the container may occur as a result of the container 
being impacted and punctured by material handling equipment while loading, unloading, andor 
transferring the container fiom its receiptlshipment area to its storage/staging area. The puncture 
may occur in storagelstaging areas as well as dock areas during receiptlshipment operations. 
Compressed gas cylinders (e.g., nitrogen, acetylene, propane, etc.) are routinely used during 
maintenance activities. If a cylinder valve were accidentally sheared off during cylinder handling 
(changeout), the cylinder would become an airborne missile that could potentially impact and 
puncture nearby waste container(s) resulting in a release of a portion of the container contents. 
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Without controls, container puncture scenarios involving handling equipment are judged to be 
anticipated events while container puncture scenarios involving compressed gas cylinder missiles 
are judged to be unlikely. The puncture of a POC or TypeB shipping container from either 
energy source is not considered a credible accident scenario because of the robust nature of these 
containers (Ref 3 3, Section 4.5.1 Accident Scenario Discussions and Accident Scenario 
Summary Table). 

Forklift operator error can result in a puncture, by the forklift tines, of either one metal 
box/SWB (LLW or TRU waste) or two adjacent drums (LLW or TRU waste) located on a pallet. 
A compressed gas cylinder missile can result in a puncture of up to three drums (LLW or TRU 
waste) or one metal box/SWB (L.LW or TRU waste). Table 8-9 shows the estimated effective 
MAR for the container types that may be punctured. These MAR values were used to determine 
representative puncture scenarios for SH activities. 

8.2.1.4 Container: Imuact 

Material 
handling equipment (HazaraEnergy Source 7 4  can inadvertently impact waste containers 
resulting in crushing or toppling; raised or suspended loads (HazaruZnergy Source 8A) can drop 
onto waste containers in the event of lif?.ing equipment failure or improper rigging; exceedance of 
floor loadings (HazaruYEnergy Source 13F) can result in toppling; and falling overhead equipment 
or structure (HazaraEnergy Source I30 and 13H) can impact waste containers. 

Impact scenarios resulting from exceeding floor loading limits or from structure 
degradation are considered unlikely events. These scenarios can result in container impacts 
and/or container toppling similar to the effects of a seismic event, which is also unlikely. The 
seismic event can potentially affect the entire inventory, whereas exceedance of floor loading 
limits or structure degtadation would be localized and only affect the drums stored on that portion 
of the floor that fails or under the failed structure. The effective MAR would be greater during a 
seismic event and therefore, the consequences will bound the accident consequences resulting 
from exceeding floor loading limits or from structure degradation. The seismic event caused spill 
is further evaluated in Section 8.4. 

Waste containers may be physically impacted several ways during storage. 

Container impact scenarios involving handling equipment or raisedsuspended loads are 
judged to be anticipared events and are bounded by the droplfd spill scenario discussed in 
Section 8.3.1.2. These impact events are assumed to release no more radiological material than 
the drop/fall spill scenario and the anticipated accident fiequency associated with material 
handling equipment impact or dropping a load is the same. Therefore, these impact spill scenarios 
are not evaluated further. 

8.2.1.5 ReDresentative SDill Scenarios 

The representative spill scenarios evaluated for waste management facility SH activities are: 
0 

0 

0 

Spill Scenario 1 -Waste Container Dropmall 
Spill Scenario 2 - Waste Container Puncture by F o r m  Tine 
Spill Scenario 3 - Waste Container Puncture by Compressed Gas Cylinder Missile 
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8.2.2 Spill Scenario 1 -Waste Container DropLFall 

This accident scenario is discussed below and is summarized in Tables 8-10 and 8-1 1. 
Credited protective features identified in the discussions that follow will be indicated in bold 
italicized text. The RADIDOSE calculations for this scenario are provided afker the Accident 
Consequences section. 

Accident Scenario 

A spill is postulated to occur as a result of breaching either one metal box/SWB or up to 
four 55-gallon waste drums containing radioactive material (HazaraYEnergy Source 4B). The 
breach of the containers may occur as a result of the drums being raised by a forklift 
(HazaraYEnergy Source8A) and falling fiom that position, or as a result of being stacked 
(HazaraYEnergy Source8B) and then being impacted by material handling equipment 
(HazaraYEnergy Source 7A) during facility operations. Upon impact with a hard surface, the 
containers are damaged (e.g., crushed, split ope4 etc.) and the internal waste packages are 
breached by the force of the impact. This is considered a confined material release since the 
container and internal packaging (e.g., rigid liner, polyethylene bag, etc.) will contain the material 
and prevent it from being released to the atmosphere. 

Two cases are evaluated for this scenario. Case A idvolves the contents of one metal 
LLW box. The box is assumed to breach due to the impact with the concrete floor. This scenario 
bounds other mechanisms for LLW container breach due to the anticipated fiequency of the 
scenario and the effective MAR involved in the scenario (foui 55-gallon drums containing 
0.5 grams each = 2 grams versus 3 grams in one box). 

Case B involves the contents of four 55-gallon TRU wasti drums or one metal TRU 
waste box/SWB. Four 55-gallon drums on a pallet that is being stacked on the third or fourth tier 
fall and impact the concrete floor resulting in container damage. Without crediting container 
stacking (banding) requirements, all four drums are assumed to breach. The DR is assumed to 
be 100% and results in an effective MAR of 800 grams WG Pu equivalent (4 drums x 200 
gramddrum x 1.0). By crediting container stacking (banding) requirements, which require 
drums that are going to be stacked on the third and fourth tier to be banded, only one drum is 
postulated to breach @R = 0.25), and the effective MAR is reduced to- 200 grams WG Pu 
equivalent (4 drums x 200 granddrum x 0.25). It is assumed that the pallet of drums falls in such 
a manner that one drum on the pallet is the first to impact the concrete floor and the other three 
drums impact the first drum causing it to breach. Since it is postulated that only one TRU waste 
drum will breach when crediting container stacking (banding), a drop/fall of a TRU waste 
box/SWB containing 320 grams WGPu equivalent becomes the bounding drop/fall scenario. 
Both scenarios are considered anticipated events. 

- 

Scenario Modeling Assumptions: Case A and Case B: spill; confined material; 10 minute 
duration. 
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Accident Freauencv 

The scenario fiequency is anticipated because material handling accidents have occurred 
at the Site in the past. This is judged to be a conservative fiequency determination based on 
interpretation of Site data, which indicates that the majority of past events have been of relatively 
low energy, typically resulting in the denting or dropping of containers with no loss of 
containment. Waste containers brought into waste management facilities must meet on-site 
transportation requirements, therefore, actual breaches of containers due to drops or f d s  are 
probably less likely than unticipated due to the strength of the waste containers. With controls, 
the accident fiequency conservatively remains anticipted. 

Scenario Modering Assumptions: anticipated event 

Material-At-Risk 

Case A: The evaluated MAR is 3 grams of WG Pu equivalent. Conlaiwfissile material 
loading for the waste management facilities allows up to 3 grams WGPu equivalent to be 
contained in each LLW box. Metal waste boxes meeting container integrity requirements 
(i.e., on-site transportation requirements) are assumed to withstand a drop/fd fiom four feet or 
less without breaching. Therefore, a fall fiom a second, third or fourth tier is assumed to result in 
a container breach (the boxes are 4 feet high). A Solubility Class W dose conversion factor is 
used in modeling this scenario. 

Case B: The evaluated MAR is 320 grams of WG Pu equivalent. Container fissile 
material loading for waste management facilities allows up to 320 grams WG Pu equivalent to be 
contained in each TRU waste box/SWB. Drums meeting container integrity requirements 
(i.e., on-site transportation requirements) are assumed to withstand a drop/fall fiom four feet or 
less without breaching. Therefore, boxes/SWBs stacked on the second, third or fourth tiers are 
susceptible to breaching ifthey are subject to a drop or fall. 

This scenario assumes that the box/SWB drops or f d s  in a manner that results in the 
release of the entire contents of the container. A Solubility Class W DCF is used in modeling 
both cases of this scenario. 

Scenario Modeling Assumptions: 

Case A: 1 metal LLW box, aged WG Pu, 3 grams, Solubility Class W DCF, DR = 1 
Case B: 1 metal TRU bodSWB, aged WGPu; 320 grams; Solubility Class W DCF; 

Accident Consequen’ces 

Case A: The radiological dose consequences of a spill involving 1 metal LLW box is low 
to the MOI (9.6E-4 rem @ 1,200 4 3.4E-4 rem @? 2,367 m), and low to the CW (4.E-2 rem). 
The resulting risk class is Risk Class 111 for both the MOI and CW (anticipated fiequency, low 

aDR= 1 

consequences). 

I 
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Case B: The radiological dose consequences of a spill involving one TRU waste box/SWB 
are low (0.1 rem GJ 1,200 m and 3.7E-2 rem @? 2,367 m) to the MOI and moderate (5.0 rem) to 
the CW. The resulting risk class for the scenario is Risk Class 111 for the MOI (anticipated 
frequency, low consequences) and Risk Class I for the CW (anticipated frequency, moderate 
consequences). 

0 

For the IW located in the vicinity at the time of the event, the drop/fall of a waste box 
could result in serious injury to those either driving the forklift or standing nearby. The 
radiological dose consequences to the IW are qualitatively judged to be low due to: (1) the 
limited radiological material that is released due to containerpissile maferiap loading limits; 
(2) the indicators of an accident (i.e., noise, verbal warnings, etc.) that inform the IW of the event; 
and (3) building emergency response and rudiation protection guidance that directs the IW to 
evacuate. These controls mitigate the consequences of the event to the IW. The resulting risk 
class for this scenario is Risk Class III to the IW (anticipated fiequency, low consequences). 
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N o n - C r i t i c a l i t y  A c c i d e n t s  

ked WG Pu 
95th % 
Heavy Activity 
Confined Mat 
W 

Ambient Lea- 

Mass d Matrix l Applicable (e) = 
PlurnelRelwse Duration Imin) = 

Desaiba SCaMlio: 

V d m  1.2 

Airborne Release Fraction = 
Respirable Fraction = 

I Ambient Lealatath Factor ( k t  HEPni =I 1.00500 One 4.7E05 S.6E-07, 
TWJ 9.3E48 1.9Eo9 
Three 1.9E-10 3.9E-12 

, Four 3.7813 7.7E-15 Respirabie Initial Source Term (e) = 3.00E-04 

Spill Scenario 1 - Case A; Radiological Dose Consequences; 1,200 m 

~~ 

N o  n -C r i ti ca I i ty A cci d en ts 
itionNahe 1 Dascrlption 
.:.:.:::.:s:i::::i::::::i::::I. ..... spit, ... :...:... ......... -.... ,... 

Breathino Rate (1-3) = 

Mass of Matrk fl 
PlurndRelease 

V-17 

I Three 1.9E-10 1.4E-12 
Respirable Initial Source Term (e) = 3.00E-04 Four 3.7B13 2.7E-15 

Spill Scenario 1 - Case A; Radiological Dose Consequences; 2,367 m 
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Three 
Respirable Initial Source T m  (g) = 3.20E-02 Four 

~~~ 

N o n - C r i t i c a  l i ty  A c c i d e n t s  

20E-08 4.1E-10 
4.OE-11 a.2~-13 

Material at Risk (9) = 
Ambient Leakpath Factor (not HEPA) = 

Three 
Four Respirable Initial Source T m  @) = 3.20E-02 

20E-08 1.5E-10 
4.OE-11 2.9E-13 

N o n - C r i t i c a  l i ty  A c c i d e n t s  
Input Selections I OptlonNalue I Description 

6 ispill 
Aged WG Pu 
95th % 
Heavy Activity 
Confined Mat 
W 

%/a Meteomlogy (1-2) = 
Breathing Rate (1-3) = 

. .  
Least Distance to Stte Boundary (m) = 1 2,387 

Evaluate NonGnticaltv Accident? W N I  Y 

Descnbe Scenano: 

a,-. 7 
..__"I 1- 

Default Parameters I Change OpUons 

Airborne Release Ftaction = 
Respirable Fraction = 

Breathing Rate (m'ls) = 
Dose Conversion Factor (rem/gmix) 

Effective MAR. Including DR (g) = 
Plume Expansion FactDr=I 1.000 m 

~0110cated Worker %/a (dm3 = 
Public %/a (dm3 = 

9.94E-03 
7.30E-05 
1.OOE+oO 

Spill Scenario 1, - Case B; Radiological Dose Consequences; 2,367 m 
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Not 
Applicable 

Table 8-10 Spill Scenario 1, Case A - LLW Box Drop/Fall 

111 Same as MOI LOW Not 
4.7E-2 rem Applicable 

rrmmmmrrr 

MOI 

. ... 

Anticipated 

IB (Contaminated Radioactive Waste) 

Spill involving a CLW box; spill occurs during container movement 
3ffedive MAR = 3 grams of aged WG Pu 
bcident can occur in waste stora~e areas where waste containers are stacked above a fust tier 

energy sources] 7A (Vehicles, Material Handling Equipment), 8A (Raised or Suspended LoadslMaterials), and 8B (Stacked Waste Containers) 

‘most likely] SN; [less likely] CC. CR, RT, ON, RA _ _  
P 

Anticipated 

. . . .  . .  

AOL 1 
AOL 4 
AC5.6 ’ D D P P LOW Training 

9.6E-4 rem 
Not Not 

Applicable Applicable -1 
LOW 

3.4B-4 rem 

LOW 

9.6E-4 rem 
Not Not 

Applicable Applicable -1 
LOW 

3.48-4 rem 

cw Anticipated Anticipated 

Container Integrity 
Container Fissile Material Loading I AOL 1 

AOL 4 
AC 5.5 
AC 5.6 
AC 5.6 
AC 5.5 

C 
C 
D 
D 

M 
M 

PA4 
M 

Emergency Response 
Radiation Protection 
Training 

Not 
Applicable Anticipated Anticipated IW 

I I I 
Notes: Underlined Credited Protective Features are included 89 inherent and credited controls inthe Without Preventiofiitigation Scenario FrequencylConsequendRisk Class datermina tiOnS. 

The “without mitigation” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Without Mifigation and Withouf RevertthA%fifigrrtion columns are marked “NorApplicuble. ” 
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MOI 

cw 

IW 

. . .  

. .  

Anticipated 

Anticipated 

Anticipated 

Table 8-11 Spill Scenario 1, Case B - TRU Waste BodSWB DropEd1 

4B (Radioactive MaterialslWaste Container) 

Spill involving one TRU waste box; spill ocours container movement 
Effective MAR = 320 grams of aged WG Pu 
Accident can occur in waste storage areas where waste boxes/S W 9 s  are stacked above a f d  tier 

[energy sources] 7A (Vehicles, Material Handling Equipment), SA (Raised or Suspended LOaddMaterials), and SB (Stacked Waste Containers) 

[most likely] I 
P . . . . . . . . . . . . . . . . .  

Anticipated 

Anticipated 

Anticipated 

, [less likely] C 
. . . . . . . . . . . . . .  

. .  

Not 
Applicable 

Not 
Applicable 

Not 
Applicable 

, CR, RT, GN 
. . . . . .  

. . . .  

Q 1,200 m 

LOW 

0.1 rem 

Q 2,367 m 

Low 
3.7E-2rem 
Moderate 
5.0 rem 

LOW 

A 

Not 
Applicable 

1 III 

111 Not 
Applicable 

COntainerIntegrity 
Container Fissile Material Loading 
Training 

Same as MOI 

container&grity 
Container Fissile Material Loading 
Emergency Response 
Radiation Protection 
Training 
LSiDW 

. . . . . . . .  

C 
C 
D 

P 
M 
P 

P 
M 
M 
M 

P/M 
M 

___1 .. . . . . . . . . . . .  

AOL 1 
AOL 4 
AC 5.6 

AOL 1 
AOL 4 
AC 5.5 
AC 5. 
AC 5.6 
AC 5.5 

Notes: Underlined Credited Protective Features are included as inherent and credited controls inthe Without PreventiodMitigation Scenario Frequency/Consequence/Risk Claw determinations. 
The “without mitigation’’ scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Wuhout Mitigation and Wdhout PreventionMitigation columns are marked “Not Applicable. ’’ 
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8.2.3 Spill Scenario 2 -Waste Container Puncture by Forklift Tine 

This accident scenario is discussed below and is summarized in Tables 8-12 and 8-13. 
Credited protective features identified in the discussions that follow will be indicated in bold 
italicized text. The RADIDOSE calculations for th is  scenario are provided after the Accident 
Consequences section. 

. .  

Accident Scenario 

A radioactive material (HazmanerglY, Source 4B) spill is postulated to occur as a result 
of puncturing one or two waste containers. The puncture of the container(s) can occur as a result 
of the container being impacted and punctured by material handling equipment (HuzaruZnergy 
Source 7A) while loading, unloading, or transferring the container from its receiptlshipment area 
to its stagiuglstorage area. 

Based on the MAR values in Table 8-9, the bounding container type for LLW is the box 
(1 LLW box = 3 grams WG Pu equivalent versus 2 LLW dnuns = 1 gram WG Pu equivalent); 
and the bounding container type for TRU waste is the drum (2 drums = 400 grams W G h  
equivalent versus 1 box/SWB = 320 grams WG Pu equivalent). The ARF, RF, DR, and accident 
frequency are the same for each of the waste container types; therefore the potential effective 
MAR involved in the event is the deciding factor. 

Two cases are evaluated for this scenario. Case A involves the puncture of a metal LLW 
box. Case B involves the puncture of two adjacent TRU waste drums on a pallet. A portion of 
the contents of the punctured waste container(s) is postulated to "flow" through the breach onto 
the groundfloor. Therefore, this puncture-induced spill is analyzed as an unconfined material 
release (z.e., ARF of 1.OE-3, RF of 1). The spill from the puncture is a short duration event and a 
minimum release (1 0 minutes) is analyzed. 

Scenario Modeling Assumptions: Case A and Case B: spill due to puncture; unconfined 
material; 10 minute duration. 

Accident Freauency 

Punctures by forklift tines are considered anticipated without prevention. By crediting 
container integrity and forklift operator training, this scenario becomes unlikely. 

Scenario Modeling Assumptions: unlikely event for both cases. 

Material-At-Risk 

Case A: A single metal LLW box is involved in this container puncture event. No more 
than 3 grams WG Pu equivalent will be packaged in a LLW box. This is imposed as a container 
fisi le material loading limitation 
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. . . .  

Case B: Two adjacent TRU drums are involved in this container puncture event. No more 
than 200 grm WG Pu equivalent will be packaged in a TRU waste drum. This is imposed as a 0 
containerfissile III(Lteral loading limitation - .  

For a puncture of either a LLW box or two TRU drums, it is conservatively assumed that 
10% of the material exits the waste container(s) following the removal of the forklift tines fiom 
the container(s). The involvement of 10% of a waste container inventory is judged to be 
conservative based on the following considerations: (1) a forklift tine puncture only creates a 
smd  breach of the container, (2) few, if any, non-liquid wastes would ‘‘flog out of the container 
through the breach, (3) any packaging (plastic) in the container will tend to inhibit the "fled, of 
waste due to recovery fiom the breach rather than having permanent deformation as might be the 
case with the metal container wall, and (4) waste material that is capable of “flowing” is most 
likely to clog at the exit before much material has passed through the container hole. A Solubility 
Class W DCF is used in modeling both cases of this scenario. 

Scenario Modeling Assumptions: 

Case A: 1 LLW box; aged WG Pu; 3 grams; Solubility Class W DCF; DR = 0.1. 
Case B: 2 TRU drums; aged WG Pu; 400 grams; Solubility Class W DCF; DR = 0.1. 

Accident Consequences 

Case A: The radiological dose consequences for LLW container punctures, based on the 
effective MAR as discussed above, are low (9.6E-04 rem @ 1,200 m and 3.4E-4 rem @ 2,367 m) 
for the MOI and low (4.7E-2 rem) for the CW. The resulting risk classes for the scenario are && 
Class 111 for both the MOI and the CW (unlikely frequency, low consequences). 

Case B: The radiological dose consequences for TRU waste container punctures, based on 
the effective MAR as discussed above, are moderate (0.13 rem) for the MOI @ 1,200 4 low 
(4.6E-2 rem) for the MOI @ 2,367 4 and moderate (6.2 rem) for the CW. The resulting risk 
class for ‘the scenario is Risk Class 11 for the MOI @ 1.200 m (unlikely fiequency, moderate 
consequences), Risk Class III for the MOI @ 2.367 m (unlikely frequency, low consequences), 
and Risk Class II for the CW (unlikely fiequency, moderate consequences). 

For the IW located in the vicinity at the time of the event, the puncture event could result 
in serious injury to those either driving the forklift or standing nearby. The radiological dose 
consequences of the IW are qualitatively judged to be low due to: (1) the limited radiological 
material that is released due to containerfissile material loading limits; (2) the indicators of an 
accident (i.e., noise, verbal warnings, etc.) that inform the lW of the event; and (3) building 
emergency response and radiation protection guidance that directs the IW to evacuate. These 
controls mitigate the consequences of the event to the IW. The resulting risk class for both cases 
is Risk Class 111 to the IW (unlikely fiequency, lau consequences). 
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Three 

N o n - C r i t i c a  l i ty  A c c i d e n t s  

1.9E-10 1.4E-12 

 ass of Matrix if Applicable @) = 

Spill Scenario 2 - Case A; Radiological Dose Consequences; 1,200 m 

N o  n -Cr  i ti ca I i ty Acci d e n  t s  

da Meteorology (1-2) = 
B M i n g  Rate (1-3) = 

Ambient Lsakoath 

Mass of M a e  if 
PlumwRelease 

Spill Scenario 2 - Case A; Radiological Dose Consequences; 2,367 m 
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Airborne Release Fraction = 
Respirable Fraction = 

Breathing Rate (m'k) = 
Dose Conversion Factor (remlg-mix) = 

Effective MAR. Including DR (g) = 
Plume Expansion Factor = 

c 0 1 1 0 c a ~  Worker xlcl (s/mS = 
Public JQ (dm) = 

Ambient Leakpath Factor (Not HEPA) = I 

N o n - C r i t i c a  l i ty  A c c i d e n t s  

1.OE-03 
1.0500 
3.6E-04 

4.35H07 
4.00501 

1.000 
9 . 9 4 ~ 3  
205E04 
1.00H00 One 6.2E-W 1.3E-04 

Ambient Leakpath Factor (not H 
TNT Explosion Equivalent (g 

Mass of Matrix. if Applicable (9) = 

Respirable Initial'Source T m  (g) = 4.00E-02 

T W  1.2E-a 2.6E-07 
Three 2 5 E 4  5.1 E-10 
Four 5.OE-11 1.OE-12 

Spill Scenario 2 - Case B; Radiological Dose Consequences; 1,200 m 

N o n - C r i t i c a l i t y  A c c i d e n t s  

I 
I 

Default Parameters Change Options 

krbome Release Fracbon = 

Plume Expansion Factor = 1.000 
Callccated Worker rlQ (dm3 = 9.94E-03 

Public xIQ (dm3 = 7.30E-05 
I Ambient Leakmth Factor (Not HEPA) =I l.OOE+OO Om 6.2E-03 4.6E-05 

TWO 1.2E-05 9.1 E-08 
Three 2.5E-08 1.8 E-1 0 

Respirable Initial Source Term (9) = 4.00E-02 Four 5.OE-11 3.7E-13 

Spill Scenario 2 - Case B; Radiological Dose Consequences; 2,367 m 
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Table 8-12 Spill Scenario 2, Case A - LLW Box Puncture by Forklift Tines 

MOI Anticipated 

CW Anticipated 

IW Anticipated 

IB (Radioactive MateriaIslWa.de Container) 

’uncture of metal LLW box 
Zffective MAR = 3 gams ofaged WG PU, accident can occur in waste storage areas and receipt/shipment areas 

energy sources] 7A (Vehicles, Material Handling Equipment) 

Notes: Underlined Credited Protective Features are included a3 inherent and credited controls in the Without PreventionlMitigation Scenario Frequency/Consequence/Risk Class determinations. 
The “without mitigation” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g.. automatic sprinkler system, HEPA fillration, etc.). When a facility system 
cannot be credited, the Witbout Mitigutinn and WitbuutRev&tt4tf@&n columns are marked “NotApplicuble. ” 

& 

most likely] SH, [less likely] CC, CR, RT, GN, RA 

I 
C M 

’ 
Container Fissile Material Loading 

’ Low 111 Training C P 
9.6E4 rem 

Not Not 
Applicable Applicable Unlikely 

-1 -1 
LOW 111 

3.4E-4 rem 
Not LOW Not 

Applicable 4.7E-2 rem Applicable 111 Same as MOI Unlikely 

Container Integrity C P 
Container Fissile Material Loading C M 
Emergency Response C M 

111 Radiation Protection C M 
Training D P/M 
LSIDW D M 

Not 
Applicable LOW 

Not 
Applicable Unlikely 

AOL 1 
AOL 4 
AC 5.6 

AOL 1 
AOL 4 
AC 5.5 

’ AC 5.6 
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8.2.4 Spill Scenario 3 -Waste Container Puncture by Compressed Gas Cjrlinder Missile 

This accident scenario is discussed below and is summarized in Tables 8-14 and 8-15. 
Credited protective features identified in the discussions that follow will be indicated in bold 
italicized text. The RADIDOSE calculations for this scenario are provided after the Accident 
Consequences section. 

Accident Scenario 

A radioactive material (Hmwfinerrgy Source 4B) spill is postulated to occur as a result 
of puncturing one or more waste containers. The puncture event is postulated to occur as a result 
of an airborne compressed gas cylinder (Hmar&?Znergy Source 6C) impacting the container(s) 
causing them to breach. A compressed gas cylinder can become an airborne missile'when the 
cylinder valve is accidentally sheared off during handlingkhangeout. This event can occur in the 
staginghtorage areas as well as dock areas. 

It is further postulated that an airborne compressed gas cylinder can puncture up to three 
TRU waste drums or one metal LLW box. Based on the MAR values in Table 8-9, the boundmg 
container type for LLW is the box (1 LLW box = 3 grams WG Pu equivalent versus 3 LLW 
drums = 1.5 grams WG Pu equivalent); and the bounding container type for TRU waste is the 
drum (3 drums = 600 grams WGPu equivalent versus 1 box/SWB = 320 grams WGPu 
equivalent). The ARF, RF, DR, and accident fiequency are the same for each of the waste 
container types; therefore the potential effective MAR involved in the event is the deciding factor. 

Two cases are evaluated for this scenario. Case A involves the puncture of one metal 
LLW box. Case B involves the puncture of three TRU waste drums. This puncture-induced spill 
is analyzed as a confined material release (i.e., ARF of 1.OE-3, RF of 0.1) because it is assumed 
that the contents are not ejected from the container(s). The spill is a short duration event and a 
minimum release (10 minutes) is analyzed. 

Scenario M d l i n g  Assumptions: spill due to puncture; confined material; 10 minute 
duration. 

Accident Freauency 

Without controls, punctures caused by compressed gas cylinders are considered unlikely 
events based on contributing factors that can cause a cylinder to become an airborne missile. 
Contributing factors include (1) operator error resulting in a valve cap being removed during 
handling or storage (procedure violation); (2) failure of personnel to detect a loose or missing 
cap; (3) an initiating event that causes an uncontrolled or unrestrained cylinder to topple, shearing 
off the cylinder valve; and (4)the airborne cylinder being stored away from nearby waste 
containers. With operator training on safe storage and handling of compressed gas cylinders, the 
puncture scenario becomes an extremely unlikely event. 

Scenario Modeling Assumptions: extremely unlikely event. 
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Table 8-13 Spill Scenario 2, Case B - TRU Drum Puncture by Forklift Tines 

@ 1,200 m 

I1 

@ 2,367 m 

111 

111 

Container Integrity 
Container Fissile Material Loading 
Tra& 

C 
C 
C 

Same as MOI 

container Integrity C 
Container Fissile Material Loading C 
Emergency Response C 
Radiation pmtection C 
Training D 
LSDW D 

P 
M 
P 

P 
M 
M 
M 
P M  
M 

AOL I 
AOL 4 
AC 5.6 

AOL 1 
AOL 4 
AC 5.5 
AC 5.6 
AC 5.6 
AC 5.5 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without Preventioflitigation Scenario Frequency/Consequencs/Risk Class determinations. 
The “withouf mifigafion” scenario is evaluated when a facility system can be credited as a mitigative protedive feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Wirhout Miligation and Wirhouf P r e v e ~ ~ i l i g a f i o n  columns are marked “Nof Applicable. ” 
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Material-At-Risk 

Case A: A single metal LLW box is involved in this container puncture event. No more 
than 3 grams WG h equivalent will be packaged in a LLW box. This is imposed as a container 
_fissile material loading limitation. 

Case B: Three TRU drums are involved in the container puncture event. No more than 
200grams WGPU equivalent will be packaged in a TRU waste drum. This is imposed as a 
containerfissile material loading limitation. (3 drums = 600 grams). 

A Solubility Class W DCF is conservatively used in modeling both cases of this scenario 
, because less than 30 containers are postulated to be involved. Guidance on when to use Solubility 

Class W DCFs can be found in Ref. 36) 

Scenario Modeling Assumptions: 

Case A: 1 LLW box; aged WG Pu; 3 grams; Solubility Class W DCF; DR = 1. 
Case B: 3 TRU drums; aged WG Pu; 600 grams; Solubility Class W DCF; DR = 1. 

Accident Conseauences 

Case A: The radiological dose consequences for this LLW container puncture, based on 
the effective MAR as discussed above, are low (9.6E-04rem @ 1,200 m and 
3.4E-4 rem @ 2,367 m) for the MOI and low (4.7E-2 rem) for the CW. The resulting risk classes 
for the scenario are Risk Class JV for both the MOI and the CW (extremely unlikely frequency, 
low consequences). 

0 
Case B: The radiological dose consequences for TRU waste container punctures, based on 

the effective MAR as discussed above, are moderate (0.19 rem) for the MOI @ 1,200 4 low 
(6.9E-2 rem) for the MOI @ 2,367 4 and moderate (9.3 rem) for the CW. The resulting risk 
class for the scenario is Risk Class III for the MOI @ 1.200 m (extremely unlikely frequency, 
moderate consequences), Risk Class IV for the MOI @ 2.367 m (extremely unlikely fkequency, 
low consequences), and Risk ClassIII for the CW (extremely unlikely fkequency, moderate 
consequences). 

For the IW located in the vicinity at the time of the event, the puncture event could result 
in serious injury to the operator handling the gas cylinder or someone working in the room. The 
radiological dose consequences of the IW are qualitatively judged to be low due to: (1) the limited 
radiological material that is released due to container fisi le muterid loading limits; (2) the 
indicators of an accident (i.e., noise, verbal warnings, etc.) that inform the IW of the event; and 
(3) building emergency response and radiation protection guidance that directs the IW to 
evacuate. These controls mitigate the consequences of the event to the IW. The resulting risk 
class for both cases is Risk Class N to the IW (extremely unlikely fiequency, low consequences). 
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N o n - C r i t i c a l i t y  A c c i d e n t s  

Respirable lnitiial Source Tmn (g) = 3.00E-04 

Spill Scenario 3 - Case A; Radiological Dose Consequences; 1,200 m 

N o n  - C r i t i c a  l i t y  A c c i d e n t s  I 
Breaaing Rate (1 -3) = 

Ambient L e a r n  
TNT &plosion Eqkalent (gj = 

Mass of Matfix if Applicable (g) = I PlumeRelease Duration (min) = 
Least Distanca to See Boundary (m) = 1 

Ebaluate Non-CnttcalW Accident? WN) t 
Z367 ' ' 

Y '  

Spill Scenario 3 - Case A; Radiological Dose Consequences; 2,367 m 
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Three 
Four Respirable Initial Soum Tenn (9) = 6.00E-02 

N o n - C r i t i c a l i t y  A c c i d e n t s  

3.7E-08 7.7E-10 
7.5E-11 1.5E-12 

Ambient Leabath Factor (not HE 

I .. 

TNT Exploson Equwalent (g) = 
Mass of Matm.  8 Applicable @) = 

PlurnelRelease 

Descnbe Scenario 

V d m  12 

DcseConversion 

Plume Expansion Fa 
Collocated Worker XlQ (drn 

~ 

N o n - C r i t i c a l i t y  A c c i d e n t s  

I Input Selections I OptbnNalue I Description 
Scenano (1-n = 1 . 6  jsplll 

Aged WG Pu 
95th % 
Heavy Activity 
Confined Mat 
W 

I 
lclQ Meteorology ( 

Form of Material (1- 

Material at Risk @) = 
Ambient Leakpath Factor (not HEPA) 

TNT Explosion Equivalent @) = 
Mass of Matrix, if Applicable (8) = 
PlurneiRelease Dutation Irnin) = . .  

Least Distance to Site Boundary (rn) = 1 2,3e ' 
Evaluate NonCnticalrtv Accident? (Y/N)I Y 

Descnbe Scenario 

\,-.I.. 9 

Airborne Release Fraction = 

I Three 3.7E-08 2.7E-10 
Respirable Initial Source Term @) = 6.00E-02 Four 7.5E-11 5 5E-13 

Spill Scenario 3 - Case B; Radiological Dose Consequences; 2,367 m 
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CW I Unlikely 

Table 8-14 Spill Scenario 3, Case A - LLW Box Puncture by Compressed Gas Missile 

4B (Radioactive MaterialNaste Container) 

Puncture of metal LLW box 
Effective MAR = 3 grams of aged WG PU, accident can occur in waste storage areas and receipvshipment areas 

[energy sources] 6C (Compressed Gas Cylinders) 

[most likely] S H  [less likely] CC, CR, RT, ON, RA .. . .. 

Container Integrity P I I Container Fissile Material Loading 1 . :  I M 

1v Same as MOI Extremely Not Low Not 
Unlikely Applicable 4.7E3-2 rem Applicable 

I I Container Integrity 
Container Fissile Material Loading I 
Emergency Response 
Radiation Protection 
Training 

C P 
C M 
C M 

’ C  M 
D P/M 

LS/DW D M 

.. 
AOL 1 
AOL 4 
AC 5.6 

AOL 1 
AOL 4 
AC 5.5 
AC 5.6 
AC 5.6 
AC 5.5 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without PreventionlMitigation Scenario Frequency/Consequen&sk Clasp determinations. 
The “without mitigation” scenario is evaluated when a faoility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Whouf Mitigarion and Wuhout ReventioYIMltighrion columns are marked “Not Applicable. ” 
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Table 8-15 Spill Scenario 3, Case B - TRU Drum Puncture by Compressed G a s  Missile 

4B (Radioactive MaterialdWaste Container) 

Puncture oftwo 55-gallon TRU waste drums 
Effective MAR = 40 grams of aged WG Pu (DR = 0.1); accident can occur in waste storage areas and receipVshipment areas 

[energy sources] 6C (Compressed Gas Cylinders) 

[most likely] SH; [less likely] CC, CR, RT, GN, RA 

. . . . . . . . . . . . . . 

Unlikely 

ContainerIntegrity 
Container Fissile Materiai Loading 
Training 

C 
C 
C 

P 
M 
P 

AOL 1 
AOL 4 
AC 5.6 

@ 1,200 m 

111 Moderate 
0.19rem 

Unlikely Applicable 
Extremely Not I Not 

Applicable 
@ 2,367 m @ 2,367 m 

IV LOW 
6.9E-2 rem 
Moderate 
9.3 rem 

Unlikely Not 
Aoolicable 111 Same as MOI Extremely 

Extremely 

container Integrity 
Container Fissile Material Loading ’ 

Emergency Response 
Radiation Protedion 

LSlDW 
Training 

P 
M 
M 
M 

Ph4 
M 

AOL 1 
AOL 4 
AC 5.5 
AC 5.6 
AC 5.6 
AC 5.5 

Unlikely Not 
Applicable LOW 1v 

Notes: Underlined Credited Protective Features are included as inherent and credited controls inthe Without Preventionhlitigation Scenario FrequencylConsequenWsk Class determinations. 

The “without mitigation” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Wuhouf Mrtigarion and Wdhouf RevenfionhW&&n columns are marked “NotApplicable. ” 
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8.2.5 Control Set Vulnerability 

Two preventive features have been credited in the determination of spill scenario 
fiequencies and three mitigative features have been credited in determination of spill scenario 
consequences. 

The credited preventive features are: 

1. the container integrify administrative control (all receptors); and 
2. the administrative control for training of forklift operators (Spill Scenario 2) and 

personnel handling compressed gas cylinders (Spill Scenario 3) (all receptors). 

The credited mitigative features are: 

1. the containerfissile material loading administrative control (all receptors); 
2. the radiation protection administrative control (IW only); and 
3 .  the emergency response administrative control (IW only). 

Failure of the container integrify preventive feature (e.g., inadequate container) increases 
the likelihood that a waste container will breach due to a drop/fall fiom heights less than four feet. 
The likelihood of a breach due to a container droplfall fiom less than four feet is considered 
beyond extremely unZikely if the container specifications are met. The less than 4 foot drop 
breach likelihood could increase to an anticipated event if the metal container does not meet 
specified requirements. Failure of this feature would also increase the likelihood that a waste 
container puncture will occur due to a forklift tine impact. The likelihood of a breach due to this 
container puncture is considered an unlikely event if the container specifications are met. The 
puncture scenario becomes an anticipated event if the metal container does not meet specified 
requirements. 

Failure of the training preventive feature (ie. ,  personnel not trained on the proper use of 
handling equipment (forklifts)) could increase the likelihood that an operator error results in 
forklift tines causing a container puncture. The likelihood of a breach due to a container puncture 
fiom a f o r m  tine is considered an unZikely event if the forklift operators are adequately trained. 
Failure of the training protective feature results in the forklift tine puncture scenario becoming an 
anticipated event. Failure of the training preventive feature will also increase the likelihood that 
a waste container puncture will occur due to impact by an airborne compressed gas cylinder. The 
likelihood of a breach due to an airborne compressed gas cylinder is considered extremely unZikely 
if personnel are trained on the safe handling and storage of compressed gas cylinders. This 
puncture scenario becomes unlikely if the operators are not adequately trained. 

Failure of the containerfissile materia2 loading mitigative feature (e.g., underestimation 
of container radiological inventory, over batching, etc.) would result in additional MAR and a 
corresponding increase in the radiological dose consequences to all receptors. 
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LLW containers contain no more 
than 0.5 grams WGPu equivalent in 

equrvalent in metal boxes. 
TRU waste containers contain no 
more than 200grams WGPu 
equivalent in drums and 320grams 
WGPu @ent in metal 
boxedSWBs. 
A pallet of waste drums contains no 
more than 4 drums. 
A drop/fall of banded waste drums 
results in the equivalent release of 
material of one waste drum. 

drums and 3grams WGPu 

Failures of the radiation protection or the emergency response SMPs (inadequate 
response to radioactive material spill) can result in increased IW exposure to airborne radioactive 
materials. This can increase the spill scenario consequences for the IW from low to moderate due 
to the higher radiological dose associated with a longer exposure time. 

0 

In the situations discussed above, the following defense-in-depth features tend to mitigate 
or prevent the scenario but are not credited in the analysis: 

0 Training (all receptors): The training program is an additional preventive feature that can 
potentially reduce the likelihood of spill and puncture scenarios. 

Spill Scenario 1, Case A Sets the potential MAR for the scenario 
impacting LLW containers. 
COntainerFii Material Looding 

Sets the potential MAR for the scenario 
impacting TRU waste containers. 
Container F i  Material Loading 

Spill Scenario 1, Case B 

Spill Scenarios 1,2, and 3 

Spill Scenarios 1,2, and 3 

Sek the potential MAR for the scenario. 

Sets the potential MAR for the sceauio 
impacting banded waste drums. 

Container Stacking (Bandin@ 

0 Training (IW only): In addition to the preventive features of the training program identified 
above, the IW training program is an additional mitigative feature that can reduce IW 
consequences as a reinforcement of emergency response evacuation guidance. 

0 Ls%DW (IW only): Facility management or other personnel can utilize the L W  W system to 
reduce IW consequences by announcing the spill to facility personnel. 

8.2.6 Spill Scenario Assumptions 

In the evaluation of the spill scenarios, assumptions are identified for prevention and/or 
mitigation of the accidents. Table 8-16 presents a listing of the assumptions specified in the 
evaluation of spill scenarios. The scenarioshases to which each assumption applies are listed in 
the table along with the impact of the assumption. The bold itdicized text in the Assumption 
Impact column identifies a credited protective feature that is carried forward to the Wmte 
Mhagement Facilities Technical Safety Requirements. 

Table 8-16 Spill Scenario Assumptions 
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Table 8-16 Spill Scenario Assumptions 

Metal waste containers are unlikely 
to be breached by non-forklift tine 
impacts from material handling 
equipment expected during 
O p G l t i O I l .  

Metal waste containers cannot be 
breached by falls less than four feet. 

Metal drums stacked above the 
second tier will be banded. 

only 2 drums can be impacted by 
forklift tines. 
Metal waste containers are unlikely 
to be breached by forklift tine 
impacts due to impact angle 
requirements needed to lead to 
failure. 

It is beyond extremely unlikely to 
breach a POC or Type B container by 
forklift tine impacts due to impact 
angle requirements needed to lead to 
failure. 

The Waste Management Facilities 
will comply with the Radiation 
Protection program, 

The Waste Management Facilities 
will develop facility-specific 
Emergenq Plans. 

Spill Scenarios 1,2, and 3 

SpiU Scenarios 1,2, and 3 

SpiU Scenario 1, Case B 

Spill Scenario 2, Case B 

SpiU Scenario 2, Case B 

spill scenario 2 

Spill Scenarios 1,2, and 3 

Spill Scenarios 1,2, and 3 

Reduces the likelihood of metal waste 
container Mure from scenarios dealing 
with dropped containers ,by one frequency 
bin. 

container I&?gri@ 
Reduces the likelihood of metal waste 
container failure due to dropping from 
less than four feet to Beyond Extremely 
Unlikely. 

container Iiltegrity 
Reduces the effective MAR of the 
scenafio due to a pallet of TRU waste 
container dropping or falling from the 
third or fourth tier of the stack 

Sets the potential MAR for the scenario. 

Reduces the likelihood of waste container 
failure deahg with forklift tines 
impacting containers by one fiquency 
bin. 

container Integdy 
Reduces the likelihood of POC or ?ppe B 
container failure dealing with forklift 
lines impacting containers by two 
frequenqbins. 

Container Integdy 
(POCfljpe B Contaher) 

Reduces the exposure to the IW to 
releases. 

Radiation Botedion 
Reduces the exposure to the IW to 
RleaseS. 

Emer;eenw Response 
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0 8.3 EXPLOSION SCENARIO ACCIDENT ANALYSIS 
- 

8.3.1 Explosion Scenario Development and Selection 

The analyzed explosion scenario is an internal hydrogen explosion of a metal TRU waste 
container due to the accumulation of hydrogen gas inside the container. LLW waste does not 
generate sufficient quantities of'hydrogen to cause an internal explosion (Ref 37). The MAR 
values associated with the container types evaluated in the explosion scenarios are presented in 
Table 8-17. 

Table 8-17 Explosion Scenario MAR Values 

TRIPACT II S W B  or 
metal waste box single 

I TRudrum I single I 200 grams I 200 &rams I 

8.3.1.1 Internal Explosion: TRU Waste Container 

The SARAH (Ref 9) specifically addresses container overpressurization due to internal 
hydrogen explosions. Based on industry tests cited in the SARAH,  drum lids will separate from 
the drum if drum free volume gases containing greater than 15% hydrogen and 7.5% oxygen, by 
volume, are ignited. Aqueous sludge waste containers at the Site have been sampled and found to 
contain as much as 14.5% hydrogen and sufficient oxygen to completely bum the hydrogen. 

0 

A typical waste container is expected to contain most of the gases in the head space above 
the solid materials. Polyethylene bags surrounding the solid materials may be deteriorated, but 
would likely provide some protection from the explosion of the head space gases. While some 
gases may occupy spaces within the solid material, the majority is assumed to be located in.the 
head space area of the container. Most of the explosive force will be in the direction of the 
separated lid and away from the solid material in the container. Therefore, only a fraction of the 
solid material in the container would be subjected to the overpressure transient in a manner that 
would lead to a release. A concurrent fire involving the waste container contents is judged not to 
occur following the overpressurization and lid loss due to the rapidity and low energy of the 
excursion (Ref 38). 

8.3.1.3 Representative Explosion Scenario 

activities are: 
The representative explosion scenario evaluated for waste management facility SH 

Explosion Scenario 1 - TRU Waste Container Explosion 

0 
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8.3.2 Explosion Scenario 1 - TRU Waste Container Explosion 

This accident scenario is discussed below and is summarized in Table 8-18. Credited 
protective features identified in the discussions that follow will be indicated in bold italicized text. 
The RADDOSE calculations for this scenario are provided after the Accident Consequences 
section. 

Accident Scenario 

Hydrogen generation in metal waste containers (HazmaZhergy Source 13A) is postulated 
to lead to an internal hydrogen explosion in a TRU waste container (HazaruEnergy Source 4B). 
The radioactive decay of the TRU waste material interacts with hydrogenous waste materials and 
produces hydrogen and oxygen gases. The gases are retained in the metal waste container and 
accumulate to the point where a hydrogen explosion potential exists. Since it is assumed that a 
static charge can ignite flammable hydrogedoxygen mixtures, static charges generated by 
container movements ignite the hydrogen. Therefore, the container explosion can occur at any 
point in the handling of the container (i.e., at the storage location, at the dock, and during 
transfer). Since the container loses its lid as part of the scenario, the material impacted by the 
event is no longer conked. The scenario deals with an overpressure event that is conservatively 
assumed to impact radioactive material in the form of a powder. The scenario is modeled as a 
10 minute release. A ground-level (non-lofted) release of the radioactive material is assumed. 

Scenario Modeling Assumptions: internal overpressure; powder; unconfined combustible 
material; 10 minute duration. 

Accident Freauenq 

The postulated accident scenario is considered to be an unlikely event without prevention. 
The scenario becomes extremely unlikely when crediting the vented containers and inventory 
control and material management program administrative controls. 

The vented containers control precludes the accumulation of hydrogen in the waste 
container as long as the vent remains open except for cases of extremely high hydrogen 
generation rates as might be associated with a chemical reaction occurring in the container rather 
than just radiolysis. Since the distance through the flter is short relative to the diameter of the 
filter, the migration of hydrogen through the vent is not vent limited as might be the case for 
vented tanks with long vent lines. The driving force for the hydrogen in the container is primarily 
the buoyancy of the hydrogen gas relative to air. The equilibrium concentration of hydrogen gas 
in a vented TRU waste container is expected to be well below the 15% hydrogen concentration 
levels needed to cause a breach of the waste container. 

The likelihood of the event is dependent on: (1) the hydrogen generation rate based upon 
the amount of radioactive and hydrogenous material in the container; (2) the extent to which the 
vent is plugged that impacts the ability of the container to retain the hydrogen; and (3) the length 
of time that the container vent is plugged relative to the container hydrogen generation rate. The 
hydrogenous materials may be in the form of plastics and paper, but waste containers with liquids 
that can lead to significant hydrogen generation are restricted fiom waste management facilities by 
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an inventory control and material management program. Vent plugging has been observed in 
containers with reactive chemical components (e.g., acids) where the h e s  from the chemicals 
can act on the vent leading to corrosion product buildup. Since liquids that can lead to metal 
waste container vent plugging are restricted from waste management facilities by an inventory 
control and material management program, the extent of reactive chemicals in TRU waste is 
limited, which reduces the likelihood of vent plugging. 

0 

Scenario Modeling Assumptions: extremely unlikely event. 

Material-At-Risk 

Only a single TRU waste container is involved in the container explosion event. Multiple 
contiguous vented waste containers having explosive concentrations of hydrogen and oxygen 
accumulated in the containers is considered to be beyond extremely unlikely. This scenario 
assumes that not more than 320 grams (WG Pu equivalent) of radioactive material will be in a 
TRU waste box, as imposed by containerfisile material loading limits. The container involved 
in the explosion event is conservatively assumed to be Solubility Class W material. 

As stated earlier, not all of the solid material in the waste container is impacted by the 
explosion since the predominance of gases are located at the top of the container in the head 
space and most of the force of the explosion would be in the direction of the container lid loss. 
The SARAH (Ref. 9) recommends that a small damage ratio- be used for the internal waste 
container hydrogen explosion (i.e., DR = 0.1). The DOE Handbook on release fractions (Ref 39) 
recommends an ARF value of 0.1 and a RF value of 0.7 for the venting of pressurized gases over 
contaminated, non-combustible material where the volume is pressurized. The ARF and RF 
values in the DOE Handbook are based on results of experim&ts dealing with confinement 
failures of pressurized containers containing solid material in the form of powder and these values 
will be conservatively applied to the TRU waste container hydrogen explosion scenario. The 
unmitigated case does not credit the container or the inner packaging @e., DR = 1). 

Scenario Modeling Assumptions: single container; aged WG Pu; 320 grams; Solubility 
Class W DCF; DR = 0.1. 

Accident Conseauence 

The analyzed radiological dose consequences of a container explosion involving a single 
TRU waste box are high (7.2 rem) for the MOI @ 1,200 4 moderate (2.6 rem) for the 
MOI @ 2,367 4 and high (350 rem) for the CW. The resulting risk class for the scenario is &k 
Class 11 for the MOI @ 1.200 4 Risk Class 111 for the MOI @ 2.367 m, and Risk Class I1 for the 
- cw. 

The IW located in the vicinity of the container explosion can be seriously injured from the 
impact of the container lid. There is the potential for the IW to inhale radioactive material being 
canied in the release plume following the explosion (2.24 grams) but the IW would have to 
remain in the vicinity or in the path of the plume for a length of time. It would be relatively easy 
for the IW to evacuate the area with minimum dose impact if the IW is not incapacitated. The 
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0 radiological dose consequences for the, IW are qualitatively judged to be moderate due to: (1) the 
moderate amount of radiological material that is released; (2) the rapid rate of release (i.e., puff 
release that places a l l  the released material into the air in a very short time); (3) the indicators of 
the explosion (e.g., loud noise, loss of container lid) that i d o m  the IW of the event; and (4) 
building emergency response that directs the IW to evacuate. The resulting risk class for the 
scenario is Risk Class III for the IW (extremely unlikely fiequency, moderate consequence). 
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MOI 

cw 

1w 

. . . . . . . . . . . . 

Unlikely 

Unlikely 

Unlikely 

Table 8-18 Explosion Scenario 1 : TRU Waste BodSWB Container Explosion 

4B (Radioactive MaterialdWaste Container) 

Container Explosion involving a single TRU waste boxlSWB; hydrogen and oxygen accumulate in sealed container and the mixture is ignited by spark 
Effedive MAR = 32 grams of aged WG Pu (10% damage ratio); the accident can occur in waste management facilities where TRU waste containers are handled. 

[causes] 13A (Hydrogen Generation in Metal Waste Containers) 
[energy sources] container movement 

SH 

High I1 
7.2 rem 

Extremely Not Not 
Unlikely Applicable Applicable -1 1- 

2.6 rem 

I1 Extremely Not High Not 
Unlikely Applicable 350 rem Applicable 

Vented Containers 
Liquids in Waste Prohibited 
Container Fissile Material Loading 

C 
C 
C 

Vented Containers 
Liquids in Waste Prohibited 
Container Fissile Material Loading 
Emergency Response 
Training 
U/DW 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without PreventionlMitigation Scenario FrequencylConsequendncclRisk Class determinations. 
The “without mitigation” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e&, automatic sprinkler syslem, HEPA filtration, etc.). Wlien a facility system 
cannot be credited, the wihour Mitigolion and Wihout RevenfionMitig&n columns are marked “Not Applicable. ” 

/ 7  L 

P AOL 3 
P AOL 7 
M AOL4 
M AC 5.5 
M ‘ AC5.6 
M AC5.5 
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8.3.3 Control Set Vulnerability 

Two preventive features have been credited in the determination of the explosion scenario 
frequency and two mitigative features have been credited in determination of the explosion 
scenario consequences. 

The credited preventive features are: 

1. the wented comtm*nm administrative control, which is applicable to all metal waste 
containers (all receptors); 

2.  the inventory control and material managementprogram administrative control that 
restricts liquids that can lead to sigmficant hydrogen generation from waste 
management facilities (all receptors). 

The credited mitigative features are: 

1. the containerfissile material loading administrative control (all receptors); 

2. the emergency response administrative control (IW only). 

Failure of the vented containers preventive feature (overpressurization of waste 
container) could result in an increased likelihood (one fi-equency bin) that a waste container will 
breach due a hydrogen explosion. 

Failure of the inventory control and material management program could lead to 
sigdicant hydrogen generation (liquids are present in waste containers), which increases the rate 
of hydrogen generation and therefore increases the likelihood that a waste container will breach 
due a hydrogen explosion. Vent plugging has been observed in containers with reactive chemical 
components (e.g., acids) where the fiunes from the chemicals can act on the vent leading to 
corrosion product buildup. 

Failures of the container fissile material loading mitigative feature (higher MAR 
containers) would result in additional MAR and a corresponding increase in radiological dose. 

Failure of the emergency response mitigative feature (inadequate emergency plan) could 
result in additional IW exposure to airborne radioactive materials, 

In all situations discussed above, the following defense-in-depth features tend to mitigate 
or prevent the scenario but are not credited in the analysis: 

Training (IW only): IW training is an additional mitigative feature that can reduce IW 
consequences as a reinforcement of the emergency response evacuation guidance. 

LSL!W(IW only): Facility management or other personnel can utilize the L ~ W s y s t e m  to 
reduce IW consequences by announcing the container explosion to facility personnel. 
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8.3.4 Explosion Scenario Assumptions 

In the evaluation of the container explosion scenario, assumptions are identified for 
prevention andor mitigation of the accident. Table 8-19 presents a listing of the assumptions 
specified in the accident evaluation. The scenario(s) to which each assumption applies are listed 

’ in the table along with the impact of the assumption. The bold italicized text in the Assumption 
Impact column identifies a credited protective feature that is carried forward to the Wmte 
Mmugement FaciIities Technical Safety Requirements. 

Table 8-19 Explosion Scenario Asmptions 

TRU waste containers contain no 
more than 200 grams WG Pu 
equivalent in dnuns and 320 grams 
WGPu equivalent in metal 
boxes/swBs.. 

~ 

Metal waste containers are extremely 
unlikely to be breached by internal 
hydrogen explosions due to metal 
waste container venting. 

Explosion Scenario 1 

Explosion Scenario 1 

Sets the potential MAR for the explosion 
scenarios impacting waste containers 
(200 grams for TRU waste drums and 
320 grams for metal boxes/SWBs) 

Container F i  Material L o h ~  
Reduces the likelihood of metal waste 
container failure for scenarios dealing 
with internal hydrogen explosions by two 
fi-equency bins. 

Vented Containers 
~~ 

Waste Management Facilities will I Explosion Scenario 1 I Reduces the exposure time for the IW. 

Waste containers to be stored in 
waste management facilities shall not 
contain liquids. 

Explosion Scenario 1 Reduces the likelihood of internal 
hydrogen explosions in containers by 
reducing the potential rate of hydrogen 
generatioe 

Inventory Control and Material 
Management Program -Liquids in 

W&e Prohibited 
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8.4 NATURAL PHENOMENA ACCIDENT ANALYSIS 

8.4.1 Natural Phenomena Scenario Development and Selection 

The natural phenomena hazard o\JpH) scenarios evaluated in this section include: 
(1) seismic events (earthquakes); (2) lightning; (3) high winds and tornadoes; (4) heavy rain, 
flooding, and fieezing events, and (5) heavy snow. DOE Order 420.1, Facility Safety (Ref 40) 
establishes the policy and requirements for NPH mitigation for DOE sites and facilities. Guidance 
addressing NPHs is provided in several DOE Standards: DOE-STD-1020-94, Natural 
Phenomena Hazards Design and Evaluation Criteria for Department of Enera Facilities 
(Ref 4 1); DOE-STD- 102 1-93, Natural Phenomena Hazarh Perfonname Categorization 
Criteria for Structures, Systems, and Components (Ref. 42); DOE-STD- 1022-94, Natural 
Phenomena Hazards Characterization Criteria (Ref 43); DOE-STD- 1023-94, Natural 
Phenomena Hazard Assessment Criteria (Ref 44); DOE-STD-1024-92, Guidelines for Use of 
Probabilistic Seismic Hazard Curves at DOE Sites (Ref 45); and draft standard entitled 
Lightning HazardManagement Guide for DOE Facilities (Ref. 46). Each of the NPHs listed 
above will be addressed in the following sub-sections. 

8.4.1.1 Seismic Events 

As discussed in Section 5.12 (HazaraZneray Source 13H), seismic events have the 
potential to initiate fire, spill, and explosion accidents in waste management facilities. Facility 
fires following a seismic event may occur, particularly in facilities with signiscant combustible 
loading in close proximity to electrical equipment. The likelihood of a seismic-initiated fire in a 
waste storage area as a result of seismic event is considered beyond extremely unlikely due to the 
combustible material control program, which restricts combustible loading and ignition sources in 
waste storage areas. 

The likelihood of seismic-initiated facility explosions is initially estimated to be extremely 
unlikely as compared to the unlikely breach of containers due to structural member impacts and 
stack toppling. The facility explosion would impact the containers in a similar fashion but with 
much lower likelihood. For this reason, the contribution of facility explosions to the overall spill 
consequences following a seismic event is considered to be small and will not be evaluated 
M e r .  

A design basis earthquake @BE) for the waste management facilities is an unlikely event 
and could result in a spill scenario. A DBE would result in damage to overhead equipment and 
material that is not seismically rated. The falling objects result in damage to waste containers in 
the facility. No waste container damage fiom toppling stacks is expected to occur during the 
DBE or lesser earthquakes. 

It is assumed that each of the waste storage facilities has a threshold at which structural 
failure will occur during a strong enough seismic event (e.g., a Beyond Design Basis Earthquake 
(BDBE)). The occurrence fiequency for this type of event is unlikely for waste management 
facilities. For the purposes of this safety analysis, the BDBE is assumed to cause structural failure 
of the facilities. The most severe damage to waste containers would be realized in substantial and 
medium construction facilities due to falling overhead debris and structural members. The number 
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of waste containers estimated to be damaged by a BDBE is based on the number of containers 
that would be exposed to absorb the impact of falling objects. Additionally, damage to containers 
may result from a BDBE with intensity enough to cause drums to topple. 

8.4.1.2 L&&&g 

Lightning is considered a potential ignition source for facility fires, spills and explosions. 
Lightning is not expected to yield spill events as sigdicant as structural collapse of a waste 
storage aredfacility and is, therefore, not further evaluated as an accident initiator. Facility 
explosion scenarios following lightning events are considered beyond extremely unlikely events 
based on the discussions in Section 13.2.2, ExpIosion Scenario 2 - Ejctemal ~ l o s i o n  in Wmte 
Storage Area. These discussions indicate that numerous failures must occur in conjunction with 
specific facility configurations for a facility explosion to occur. The likelihood of a lightning strike 
occurring simultaneously with a specifk facility configuration (i.e, an explosive atmosphere) 
resulting in the ignition of a flammable atmosphere is remote and not further evaluated. The 
fiequency of lightning striking a facility and initiating a fire is an unlikely event. If a lightning 
strike occurs and initiates a facility fire, the scenario would be the same as already considered in 
the facility fke scenarios presented in Section 8.1. Lightning was considered as an hitiator of a 
facility fire and is not evaluated M e r .  

Some facilities are equipped with a lightning protection system intended to reduce the 
probability that lietning strikes will result in damage to building systems or initiate a fire. 
However, the condition of the lightning protection systems are generally not known, and although 
there is no reason to believe the systems are inoperable, they are not credited to provide 
protection against lightning strikes. 

8.4.1.3 High Wmds and Tornadoes 

High wind and tornado events have the potential to initiate spills in waste management 
facilities. High winds and tornadoes have similar, but lesser, impacts on the facility as compared 
to seismic events. Destructive tornadoes are considered extremely unlikely for the Site (Ref 47). 
Although tornadoes can occur at the Site, wind speed is an inverse h c t i o n  of fiequency, 
therefore the more frequent ones would be relatively weak. Tornadoes with wind speeds in 
excess of those of straight winds (for the same probability) are projected to occur only for annual 
probabilities of exceedance which are less than about 1E-7. The location of the Site near the 
Front Range of the Rocky Mountains is in a “special wind area” as defined by building codes. 
The reason for this is that certain weather conditions lead to extremely high winds of fairly 
frequent occurrence. However, the location is westerly enough so tornado occurrence has a 
lower probability. 

Wind-generated missiles could impact a waste management facility in a high wind or 
tornado event. Damage to waste containers within the building would occur due to impact by 
wind-generated missiles, but would impact relatively few containers before all the energy 
associated with the missile was spent. The fiequency and consequence of either earthquake 
initiated spill scenario, APH Scenario I - DBE Evenf-Induced SpiII or NPH Scenario 2 - BDBE 
Event-Induced Spill, bounds wind missile initiated spills because the earthquake has a greater 
potential to involve more material and has a lower capability to disperse the release than a wind 
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missile scenario. Inherent in the high wind and tornado assumptions is a turbulent atmosphere 
that would widely disperse any release from a spill. From the meterological discussions in 
SARAH (Ref 9), several general rules are cited for application of atmospheric stability class 
information. The dose consequences calculated for accident scenarios in this NSTR assume 95* 
percentile weather which represents the "worst-case7' weather from a dose consequence 
standpoint because it would result in very little dispersion of a contaminated plume. Sometimes 
50* percentile weather ("median7,) is used for comparison purposes because it is considered to be 
more realistic. The 95* percentile to 50* percentile x/Q ratio is about ten for both the CW and 
MOI. Wind gusts of 100 mph are about ten times greater than the wind speed that corresponds 
with 50* percentile VQ. Because the value of VQ varies inversely with wind speed, it follows 
that the high-wind X/Q is about 10% of the 50* percentile VQ and 1% of the 95* percentile VQ. 
Therefore, it would take 100 times the MAR involvement in a high-wind or tornado induced spill 
event to reach the dose consequence levels of a seismic induced spill. For this reason high wind- 
or tornado-induced spill scenarios are not further analyzed. 

0 

8.4.1.4 Heaw Rajn Flooding. and Freezing 

A load can be applied to a building roof due to the amount of raidall andor ponding. 
Ponding of water on waste management facility rooftops is not a concern because they are sloped 
to allow runoff The waste management facilities are not located within potential flooding areas 
of the Site. Any exceptions (e.g., Building 991 Complex) will be addressed in individual 
facility-specific AB documents. Therefore, flooding events are not further analyzed here. 

It is expected that the snow followed by rain event will be similar to and bounded by the 
snow event described below. Typically, this event would occur in the spring, and would not be 
accompanied by a hard freeze that would prevent the roof drains from working. Rain is not 
discussed further. 

8.4.1.5 Heaw Snow 

A A scenario involving structural damage to the roof of a waste management facility due 
to snow loads exceeding design capability would result in a spill scenario. Snow is an antic@ated 
occurrence in Colorado. Anticipated snow loads will not fail roof structures. Snow loading 
causing a partial collapse of a roof is estimated to have an unlike& frequency. In terms of facility 
and waste container damage, this scenario is identical the .earthquake-initiated spill scenario, W H  
Scenario I - DBE Event-Induced Spill because a snow-induced roof failure spill would involve 
the same amount of radiological material (from falling overhead equipmenddebris). In addition, 
these scenarios occur in the same fi-equency bin. Therefore, the risk classes are the same and 
heavy snow scenarios are not further analyzed. 

8.4.1.6 Representative NPH Scenarios 

The representative NPH scenarios evaluated for waste management facilities are: 
0 NPH Scenario 1 - DBE Event-Induced Spill 
0 NPH Scenario 2 - BDBE Event-Induced Spill 
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8.4.2 NPH Scenario 1 - DBE Event-Induced Spill 

This accident scenario is discussed below and is summarized in Tables 8-22 and 8-23. 
Credited protective features identified in the discussions that follow will be indicated in bold 
italicized text. 

Accident Scenario 

A DBE event is postulated to impact waste storage areas of medium and substantial 
construction facilities. Waste containers that are impacted may be breached by falling objects 
(e.g., overhead cranes; heating, ventilating, and air conditioning W A C )  ducts; lights, etc.) and 
other overhead equipment that is not seismically rated. The building structure and roof is 
expected to remain intact in a DBE event. In addition, stacked waste containers are not expected 
to topple in a DBE event due to container stacking (banding) requirements. The exposed upper 
tier of waste containers is assumed to be susceptible to impact fiom falling objects. There is no 
source of heavy falling objects in light construction facilities or open storage areas. The breached 
containers do not spill their contents because the breach is at the top or upper portion of the 
container. Since the breaches do not result in radioactive material "flowing" fiom the breach, as 
is the case in the forklift the  puncture of containers (see Section 8.2.1.3, Container: Puncture), 
these container breaches are analyzed as a confined material releases. A gromd-level (non-lofted) 
release of the radioactive material is assumed. The spill is a short duration event and a minimum 
duration release (10 minutes) is analyzed. Two cases are evaluated, one each for medium and 
substantial construction facilities. 

Scenario Modeling Assumptions: spill; confined material; 10 minute duration. 

Accident Freauencv 

The likelihood of this postulated accident scenario is mZikeZy based upon seismic history 
of the region (Ref. 2). As stated above, a concurrent fire with the DBE is considered beyond 
extremely unlike& due to the credited fiteUcombustible loariing and ignition source control 
program that limits the amount of combustibles in waste storage areas. 

Scenario Modeling Assumptions: unlikely event. 

Material-At-Risk 

The MAR values associated with the container types evaluated in the seismic scenarios are 
presented in Table 8-20. These MAR values are used to detennine the bounding container types 
for the representative seismic scenarios. 
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TRU drum 

value plus conservatism) 
TRU drum (95* % UCL 

Table 8-20 Seismic Event MAR Values 

multiple 200 grams 

1 Metal LLW box I multiple I I 

LLW drum ( 9 9  % UCL 
value plus conservatism) multiple I 0.24 grams 

TRUPACT II SWB or 
multiple metalwastebox I 
multiple 

There are no medium or substantial construction facilities that store exclusively LLW, 
therefore a DBE event would involve a combination of LLW, TRU waste drums, and POCs. 
Because of the MAR difference and similar container strength of LLW and TRU waste drums, 
the TRU waste drums bound any release fiom LLW drums. Although the amount of MAR 
packaged in a metal bodSWB is more than that packaged in a 55-gallon drum (320 grams versus 
200 grams), the 55-gdon drum is assumed to be the container type impacted in this scenario 
because (1) the amount of MAR per unit volume is greater for TRU drums than for TRU 
boxes/SWBs, (2) TRU waste is predominantly packaged in 55-gallon drums, and (3) the DBE 
impacts a large number of containers. In addition, the radiological material inventory is assumed 
to be TRU waste drums rather than a mixture of POCs and TRU waste containers. This is 
conservative because POCs are more resistant to breaches than TRU waste containers, and 
analysis of the POCs indicates that they are not susceptible to breach fiom falling material unless 
they are impacted on the side. Since no waste containers are expected to topple, the impact on 
exposed containers will be on the top of the container. 

For BDBE events in substantial construction facilities, 50% of the exposed drums 
( ie . ,  drum lids exposed to the ceiling) are assumed to be impacted by falling objects 
(eg. ,  overhead equipment, structural supports, lights, etc.) as discussed in Section 8.4.3. For the 
facility explosion, it is assumed that only 10% of the exposed drums in the facility will be subject 
to falling objects. This value is based on engineering judgment and is conservative because the 
facility is not collapsing and the amount of overhead materials available in a facility to fall onto 
drums is limited. Medium construction facilities have less suspended overhead objects than 
substantial construction facilities because the main support beams (to which these objects are 
attached) generally cover about 7% of the facility floor space (Ref 48). Applying the same 
reasoning used above, only 1.5% of the exposed drums in medium construction facilities will be 
subject to the falling debris. 

Of the drums subjected to falling objects, it is assumed that 10% of the drums are 
The 10% value is based on breached (ie., penetration of drum and internal packaging). 
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engineering judgment and takes into account the strength of the drums (ie., waste container 
integrity control) and the types of overhead materials that may fall ( ie . ,  limited amount of heavy, 
penetrating overhead objects). Based on these assumptions, the damage ratio is 0.15% 
(1.5% x 10%) of the exposed drum ihventory for medium construction type facilities and 1% 
(1 0% x 10%) of the exposed dnun inventory @e., drum lids exposed to the ceiling) for substantial 
construction facilities. 

Two cases are evaluated: Case A involves a total of 12,000 TRU waste drums in a 
medium construction facility, and Case B involves a total of 12,000 TRU waste drums in a 
substantial construction facility. For the purpose of this evaluation, it is assumed that all of the 
waste drums are stacked four high so that the n b b e r  of dnuns stacked on the top tier is one 
fourth the total number of containers. The number of exposed drums will differ for each facility 
due to unique stacking arrangements. 

Case A: 
Case B: 

The above drum count assumptions are not intended to be restrictions on facility or room 
inventories or stacking arrangements, but are used only as an estimate to provide an example of 
how DBE event consequences are determined. 

The majority of TRU waste drums at the Site contain less than the 200 grams WG Pu 
containmfissile material loading limit. Because this scenario is postulated to impact a large 
number of drums, it is appropriate to use the 95* percentile upper confidence limit (UCL) gram 
loading value for waste containers at the Site plus some conservatism to account for uncertainty 
and fluctuations in the Site container gram loading. The 95* percentile UCL for the Site as of 
June 1998 is 95 grams WG Pu per TRU waste drum (Ref 49). Adding 20% conservatism, the 
95* percentile UCL becomes 114 grams WG Pu per drum, which was used in the evaluation of 
this scenario. The 95* percentile UCL value will be reviewed on an annual basis and updated as 
necessary. For purposes of the SES/USQD process, a higher value than the 95* percentile UCL 
of 95 grams WG Pu but less than the more conservative analyzed value of 114 grams WG Pu will 
not constitute a reduction in the margin of safety. By using this approach, there is no need for 
establishing facility MAR limits. 

3,000 exposed TRU drums on upper tier (medium construction faciliiy) 
3,000 exposed TRU drums on upper tier (substantial construction facility) 

The effective MAR value for this DBE scenario is determined by the following equation: 

Effective MAR = ## of exposed drums x facility damage ratio x container MAR 

The effective MAR values for the two facility construction types are shown below. The 
effective MAR values for both cases are presented in Table 8-21. 

Medium construction facilities: 

Effective MAR= # of exposed drums x 0.0015 x 114 g WG Pu 

Substantial construction facilities: 

Effective MAR = # of exposed drums x 0.01 x 114 g WG Pu 
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Table 8-21 Effective MAR Values for NPH Scenario 1 

A 
B 

3,000 342,000 513 NIA 
3,000 342,000 NIA 3,420 

A blended DCF of 3.04E+7 is used to conservatively account for the population of waste 
containers with lDCs that should be modeled with Solubility Class W (Ref 50). 

Scenario Modeling Assumptions: 

Case A: 3,000 exposed drums, aged WG Pu; 342,000 grams (using a 95* % UCL 

Case B: 3,000 exposed drums, aged WG Pu; 342,000 grams (using a 95* % UCL 

container loading value); Blended DCF; DR = 0.0015 (medium construction facility). 

container loading value); Blended DCF; DR = 0.01 (substantial construction facility). 

Accident Conseauence ... L 

Case A: The radiological dose consequences of the DBE-induced spill involving 3,000 
exposed drums in a medium construction facility are moderate (0.12 rem) for the MOI 
@ 1,200 4 low (4.1E-2 rem) for the MOI @ 2,367 4 and high (5.6 rem) for the CW. The 
resulting risk class for the scenario is Risk Class 11 for the MOI @,-1.200 m (unlikely fiequency, 
moderate consequences), Risk ClassIII for the MOI 62 2.367-m (unlikely frequency, low 
consequences), and Risk Class I for the CW (unlikely frequency, high consequences). 

Case B: The radiological dose consequences of the DBE-induced spill involving 3,000 
exposed drums in a substantial construction facility are moderate (0.77-rem) for the MOI @ 1,200 
4 moderate (0.27 rem) for the MOI @ 2,367 4 and high (37 rem) for the CW. The resulting 
risk class for the scenario is Risk ClassII for the MOI @ 1.200 m and 2.367 m (unlikely 
frequency, moderate consequences) and Risk Class1 for the CW (unlikely A frequency, high 
consequences). - 

For the IW located in the vicinity at the time of the event, a DBE event could result in 
death or serious injury due to falling overhead equipment. There is the potential for the IW to 
inhale radioactive material being lofted by the spilled containers following the event but the IW 
would have to remain in the vicinity of the spill. The radiological dose consequences to the IW 
are qualitatively judged to be moderate for both cases due to the amount of radiological material 
postulated to be released. The emergency response control is credited for the development of a 
facility emergency plan directing the IW to evacuate following spills of radioactive materials. The 

- 

resulting risk class for both cases is Risk ClassII to the IW (unZikely frequency, moderate 
consequences). 
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Three 

N o n - C r i t i c a  l i t y  A c c i d e n t s  

22Ea 1.6E-10 

Respirable initial Source Term @) = 5.13E-02 

NPH Scenario 1 - Case A; Radiological Dose Consequences; 1,200 m 

N o n  -Cr i  ti ca li ty Acci d e n  t s  

NPH Scenario 1 - Case A; Radiological Dose Consequences; 2,367 m 
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TNT Erp4osion Equivalent (g 

Mass of Mattix, if Applicable @) = 
Describe Seenaria 

Dose Conversion 

Plume Expnsion Fact 
Collocated Worker UCl (dm 

Respirable Initial Source Term (g) 3.42E-01 

NPH Scenario 1 - Case B; Radiological Dose Consequences; 1,200 m 
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Table 8-22 NPH Scenario 1 : Case A - DBE-Induced Spill (Medium Construction Facility) 

container Megrity I I Container Fissile Malerial Loading 
Moderate I1 Container Stacking (Banding) C 

Building Structure C 0.12 r e m  
Not Not 

Applicable Applicable MOI Unlikely Unlikely 
Ig2,3a7mj -1 

LOW I11 
4.1E-2 rem 

Not High Not 
Applicable 5.6 Em Applicable I Same as MOI cw Unlikely Unlikely 

container Integrity C 
Container Fissile Material Loading C 

1w Unlikely Unlikely Moderate Moderate n Training D Not 
Applicable 

Emergency Response D 
Lsmw . D 

i ‘  
’ , I  . .  

M 
M 
P 
M 

M 
M 
M 
M 
M - 

AOL 1 
AOL 4 
AOL 6 
AC 5.4 

AOL 1 
AOL 4 
AC 5.6 
AC 5.5 
AC 5.5 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without Preventionhlitigation Scenario Frequency/Consequence/Risk Class determinations. 
The “wffhouf mifigafiony scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic spri@er system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Wuhout Mitigation and Wuhouf PreventionlUirigation columns are marked “Nofdpplicable. ” 
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MOI 

cw 

1w 

Unlikely 

Unlikely 

Unlikely 

Table 8-23 NPH Scenario 1 : Case B - DBE-Induced Spill (Substantial Construction Facility) 

4B (Radioactive Materiawaste Container) and 13H (ouler HazardslSeismic Induced Spills) 

Seismic event involving 1,500 exposed TRU waste drums; DBE causes falling debris with subsequent drum breach- 
Effective MAR = 256.5 grams of aged WO Pu (0.15% damage ratio, 95’ % UCL Container MAR); occurs in any of the substantial construction facilities 

causes] 13H (Seismic Induced Spills) 
[energy sources] falling overhead equipment 

SH 

Unlikely 

Unlikely 

Unlikely 

Not 
Applicable 

Not 
Applicable 

High 

Moderate 
0.77 rem I Not 

Moderate 
0.27 rem 

@ 1,200 m 

I1 

@ 2,367 m 

I1 

I 

Container Integrity 
Container Fissile Material Loading 
Container Stacking (Banding) 
Building Structure 

Same as MOI 

COntainerIntegrity 
Container Fissile Material Loading 
Training 
Emergency Response 
I S D W  

C 
C 
C 
C 

C 
C 
D 
D 
D - 

M 
M 
P 
M 

M 
M 
M 
M 
M - 

AOL 1 
AOL 4 
AOL 6 
AC 5.4 

AOL 1 
AOL 4 
AC 5.6 
AC 5.5 
AC 5.5 

Notes: Underlined Credited Protective Features u e  included as inherent and credited controls in the Without Preventiodvlitigation Scenario FrequencyICoonsequenuVRisk Class determinations. 
The “without mifigation” scenario is evaluated when a facility system can be credited as a mitigative protedive feature (e.g.. automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Mthout Mifigaaion and Mfhout~mentio~if igaaion columns are marked “Not Applicable. ” 
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8.4.3 NPH Scenario 2 - BDBE Event-Induced Spill a 
The BDBE accident scenario is discussed below and is summarized in Tables 8-28 through 

8-30. Credited protective features identified in the discussions that follow will be indicated in 
bold italicized text. 

Accident Scenario 

A BDBE is postulated to occur impacting the waste storage areas of light, medium and 
substantial construction facilities. By definition, structural collapse is expected in a BDBE event. 
Containers may be breached by falling objects (e.g., equipment and structure) fiom the partial 
collapse of the facility or may topple and f d  fiom upper tier stacks (third or fourth tiers). The 
containers that are breached from falling debris will not spill their contents because the breach is 
at the top or upper portion of the container. Since radioactive material will not be “flowing” fiom 
the containers, as is the case in the forklift tine puncture of containers (see Spill Scenario 2, Waste 
Container Puncture by Forklift Tine), these container breaches are analyzed as confined material 
releases as are the TRU waste container breaches due to toppling and f&g. 

The spill is a short duration event and a minimum duration release (10 minutes) is 
analyzed. A ground-level (non-lohed) release of the radioactive material is assumed. A 
concurrent fire, caused by the earthquake, is not considered due to the low combustible loading in 
the waste storage areas as required by thefueVcombustible loading and ignition source control 
program. 

Three cases are evaluated for this scenario. Case A involves the LLW inventory of a light 
construction facility (or open storage area) in which waste containers, stacked on third and fourth 
tiers, are breached as they fall during the BDBE event. The falling structural supports of a light 
construction facility (e.g., waste storage tent) will not cause a container breach by direct impact 
due to imuflicient mass of the supports. Case B and Case C involve the TRU waste inventory of 
a medium and substantial construction facility, respectively, in which exposed drums (e.g., those 
located on the top tier) are impacted by falling structural supports, equipment and debris. Case B 
and Case C also postulate container breaches due to toppling and falling. 

Scenario Modeling Assumptions: spill; confined material; 10 minute duration. 

Accident Frequency 

The likelihood of this postulated accident scenario is judged to be unlikely based upon 
seismic history of the region (Ref. 2). A concurrent fire with the BDBE is considered beyond 
extremely unlihly due to the credited JiCeVcombustible loading and ignition source control 
program that limits the amount of combustibles in waste storage areas. 

Scenario Modeling Assumptions: unlikely event. 
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Material-At-Risk 

Waste containers are impacted by the BDBE event in two ways: (1) partial collapse of the 
facility creates significant debris that can fall onto exposed containers; and (2) third or fourth tier 
waste drums may topple and fall (drop more than four feet). 

The MAR values associated with the container types evaluated in the seismic scenarios are 
presented in Table 8-20. These MAR values are used to determine the bounding container types 
for the representative seismic scenarios. There is no source of heavy falling debris in light 
construction facilities or open storage areas where LLW is stored. Therefore, a BDBE event 
affecting a light construction facility or open storage area is postulated to involve only LLW 
contaihers that topple and fd .  Even though the amount of MAR contained in a LLW box is more 
than a 55-gdon drum (3 grams versus 0.5 grams), the 55-gallon drum is assumed to be the 
container type impacted in this scenario because LLW waste is predominantly packaged in 
55-gdon drums and the BDBE impacts a large number of containers. 

There are no medium or substantial construction facilities that store only LLW, therefore a 
BDBE event aBecting medium or substantial construction facilities is assumed to involve a 
combination of LLW, TRU waste, and POCs. Because of the MAR difference and similar 
container strength of LLW and TRU waste drums, the TRU waste drums bound any release from 
LLW drums. Although the amount of MAR packaged in a metal box/SWB is more than that 
packaged in a 55-gdon drum (320 grams versus 200 grams), the 55-gdon drum is assumed to be 
the container type impacted in this scenario because (1) the amount of MAR per unit volume is 
greater for TRU drums than for TRU boxes/SWBs, (2) TRU waste is predominantly packaged in 
55-gdon drums, and (3) the BDBE impacts a large number of containers. In addition, the 
radiological material inventory is assumed to be TRU waste drums rather than a mixture of POCs 
and TRU waste containers. This is conservative because: (1) POCs are more resistant to breaches 
than TRU waste containers and are not susceptible to falls due to toppling (eliminates MAR 
associated with containers falling fiom upper tiers of stacks) resulting in a DR of 10% versus 
100% for TRU waste containers (Ref 34); (2) releases fiom both containers would have the same 
ARF value @e., confined material spill, AJXF = 0.001); and (3) even though POCs have a greater 
maximum MAR than TRU waste drums (1,255 g WG Pu equivalent versus 200 grams WG Pu), 
POCs have an RF value that is an order of magnitude lower than the RF for TRU waste 
containers (z.e., POC RF= 0.01, TRU waste container RF =0.1). Combining the above 
considerations, the POC has a lower initial respirable source term (IRST) for the seismic event 
release than does the TRU waste container as shown: 

IRST=MAR x DR x ARF x RF 
IRSTpoc = 1,255 x 0.1 x 0.001 x 0.01 = 1.25E-3 
IRSTmu-= 200 x 1.0 x 0.001 x 0.1 = 2E-2 

Therefore, the analysis of the BDBE considers only TRU waste drums. 

For substantial construction facilities, 50% of the exposed drums (Le., drum lids exposed 
to the ceiling) are assumed to be impacted by falling debris (overhead equipment and structural 
supports). Medium construction facilities have less suspended overhead objects than heavy 
construction facilities because the main support beams (to which these objects are attached) 
generally cover about 7% of the facility floor space in a grid arrangement. It is therefore assumed 
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that 7% of the exposed drums in medium construction facilities would be subject to falling debris. 
Of the drums subjected to falling debris, it is assumed that 10% of the drums are breached 
@e., penetration of drum and internal packaging). The 10% value is based on engineering 
judgment and takes into account the strength of the drums ( ie . ,  waste container integrify 
control) and the types of overhead materials that may f d  (Le., limited amount of heavy, 
penetrating overhead materials). Based on these assumptions, the damage ratio is 0.7% for the 
exposed, drum inventory in medium construction facilities, and 5% for the exposed drum 
inventory ( ie . ,  drum lids exposed to the ceiling) in substantial construction facilities. 

Another contributing factor to the damage caused by the BDBE event is stacked waste 
drums toppling and falling fiom the upper tiers. It is conservatively assumed that 25% of the 
drums stacked on the third and fourth tiers will topple and fall during a BDBE event. The 25% 
value is based on engineering judgment and is believed to be conservative since: (1) stacked 
drums are not susceptible to toppling except for very large seismic events; and (2) the credited 
container stucking (banding) control reduces the likelihood of drums toppling from upper tiers 
of stacks. Of the drums subjected to toppling from upper tiers, it is assumed that 25% of these 
drums are breached (i.e., failure of drum and internal packaging). This 25% value is also based 
on engineering judgment and takes into account the strength of the drums @e., container 
integrity control), the container stacking (bunding) control (a single drum in the four banded set 
is subject to damage from the crushing weight of the other three drums in the banded set), and the 
limited amount of room available for upper tier drums to fall onto the floor (Le., other drums in 
the way or limited aisle space). Additional strength or resistance to internal package breaching as 
a result of toppling is provided by rigid liners andor at least one polyurethane bag. Drums that 
are compliant with internal packaging requirements have these barriers. Non-compliant drums are 
more susceptible to internal package breach as a result of drum falling. It is assumed that 20% of 
the compliant breached drums, as a result of falling, will have breaches of the internal packaging. 
It is conservatively assumed that 100% of the non-compliant breached drums will have a breach in 
the internal packaging. It is conservatively assumed that 85% of drums on the Site are compliant 
with internal packaging requirements (based on Real Time Radiography, RTR, statistics that over 
86% were compliant (Ref 51)) leaving 15% that are not Compliant. 

Two damage ratios are calculated for the toppled and failed drums: one for drums with 
compliant inner packaging and a second for drums with non-compliant inner packaging. Both 
damage ratios assume that 25% of the upper tier drums topple, and that 25% of the toppled 
drums fail due to the impact with the ground. Of the toppled and failed drums, those with 
compliant inner packaging (85%) have a damage ratio of 20% (e.g., only 20% of the drums have 
damaged packaging) and those with non-compliant inner packaging (1 5%) have a damage ratio of 
100% (e-g., a l l  of the drums have deficient or damaged packaging). Based on these assumptions, 
the damage ratio due to toppling and falling from the third and fourth tiers is represented by the 
following equation: 

D&d = # of 3d and 4* tier drums x 25% x 25% x [(S5% x 20%) + (15% x 100%)] 

The simplified equation becomes: 
D&d = # of 3d and 4* tier drums x 2% 
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The majority of TRU waste drums at the Site contain less than the 200 grams WG Pu 
containerfissile material loading limit. Because this scenario is postulated to impact a large 
number of drums, it is appropriate to use the 95* percentile upper confidence limit (UCL) gram 
loading value for waste containers at the Site plus some conservatism to account for uncertainty 
and fluctuations in the Site container gram loading. The 95* percentile UCL for the Site as of 
June 1998 is 95 grams WG Pu per TRU waste drum (Ref. 49). Adding 20% conservatism, the 
95* percentile UCL becomes 114 grams WG Pu per drum, which was used in the evaluation of 
this scenario. The 95* percentile UCL value will be reviewed on an annual basis and updated as 
necessary. For purposes of the SESKJSQD process, a higher value than the 95* percentile UCL 
of 95 grams WG PU but less than the more conservative analyzed value of 114 grams WG Pu will 
not constitute a reduction in the margin of safety. By using this approach, there is no need for 
establishing facility MAR limits. 

The effective MAR for a scenario is determined by the following calculation: 

Effective MAR = a + b 

where 

a = UAR from exposed h m s  (top tier) being breached by falling debris 
b = MARfrom falling 3n’ and 4fi  tier h m s  

Further defining these parameters: 

a = # of exposed h m s  x facility DR x container A4-M 
b = # of 3rd and 4th tier h m s  x falling h m  DR x container MAR 

Light construction facilities Cor open storage areas): 

a = (not applicable, DR = 0) 
b = # of 3d and 4* tier drums x 0.02 x 0.24 g WG Pu 

Medium construction facilities: 

a = # of exposed drums x 0.007 x 114 g WG Pu 
b = # 0f3‘~ and 4* tier drums x 0.02 x 114 g WGPu 

Substantial construction facilities: 

a = # of exposed drums x 0.05 x 1 14 g WG Pu 
b = # 0 f 3 ~  and 4h tier drums x 0.02 x 114 g WGPu 

Note that the facility damage ratio (in “a”) is the only difference between facility type 
effective MAR calculation parameters. The damage ratio associated with falling drums is the 
same for each of the facility types. For the purposes of this evaluation, it is assumed that all of 
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a the waste drums are stacked four high so that the number of drums stacked on the top tier is one 
fourth of the total number of containers. Similarly, the number of drums stacked on the third and 
fourth tiers is one half of the total number of containers: 

Three cases are evaluated: Case A involves a total of 12,000 LLW drums in a && 
construction facility, Case B involves a total of 12,000 TRU waste drums in a medium 
construction facility, and Case C involves a total of 12,000 TRU waste drums in a substantial 
construction facility. 

Case A: 

Case B: 

6,000 LLW drums on 3d and 4* tier 
(light construction facility, therefore no impact from falling debris) 
3,000 exposed TRU drums on upper tier, 6,000 TRU drums on 3rd and 4th tier 
(medium construction facility) 
3,000 exposed TRU drums on upper tier, 6,000 TRU drums on 3rd and 4th tier 
(substantial construction facility) 

CaseC: 

The above drum count assumptions are not intended to be restrictions on facility or room 
inventories or stacking arrangements, but are used only to provide an example of how BDBE 
consequences are determined. The number of exposed drums and drums stacked on the 3d and 
4& tiers will differ for each facility due to unique stacking arrangements. The effective MAR for 
the three cases is presented in Table 8-24. A blended DCF is used to conservatively account for 
the population of waste containers with lDCs that should be modeled with Solubility Class W. 
For LLW waste, 3.07E+7 is used; for TRU waste, 3.04E+7 is used. a 

Scenario Modeling Assumptions: 

Case A: 3,000 drums on 3d and 4* tiers; 1,440 grams; aged WG Pu; Blended DCF; 
DR = 0.02. 

Case B: 3,000 exposed drums = 342,000 grams (using a 95* % UCL container loading 
value); 6,000 drums on 3d and 4* tiers = 684,000 grams (using a 95* % UCL container loading 
value); aged WG Pu; Blended DCF; Exposed Drum DR= 0.007 (medium construction facility), 
3d&4* Tier Drum DR = 0.02. 

Case C: 3,000 exposed drums = 342,000 grams (using a 95* % UCL container loading 
value); 6,000 drums on 3d and 4& tiers = 684,000 grams (using a 95* % UCL container loading 
value); aged WG Pu; Blended DCF; Exposed Drum DR = 0:05 (substantial construction facility), 
3d&4* Tier Dnun DR = 0.02. 
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A 

B 

C 

Table 8-24 Effective MAR for NPH Scenario 2 I 

NIA NIA NIA NIA 6,000 1,440 28.8 28.8 NIA NIA 
3,000 342,000 2,394 NA 6,000 6 8 4,O 0 0 13,680 NIA 16,074 NIA 
3,000 342,000 NIA 17,100 6,000 6 8 4,O 0 0 13,680 NIA NIA '30,780 
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Exposed Drums Breached 
(e.g., top tier) 

(3d and 4* Tier) 
Stacked Dnrms FaWBreach 

Totals 

Accident Conseauences 

0 0 0 0 

28.8 0.32 6.5E-3 2.3E-3 

28.8 0.32 6.5E-3 2.3E-3 

The radiological consequences for each case are presented in a summary table because the 
consequences have two additive components. 

Totals 

Table 8-25 NPH Scenario 2 - Case A, Radiological Dose Consequence Summary 

16,074 176 3.6 1.3 

Case A: The radiological dose consequences of the BDBE-induced spill involving 6,000 
LLW drums stacked on the 3"' and 4" tier in a light construction facility are low (6.5E-3 rem) for 
the MOI @ 1,200 4 low (2.3E-3 rem) for the MOI @? 2,367 4 and low (0.32 rem) for the CW. 
The resulting risk class for the scenario is Risk Class Ill for the MOI 62 1.200 m and 2.367 m 
(unlikely frequency, low consequence) and Risk Class III for the CW (unlikely frequency, low 
consequence). 

Table 8-26 NPH Scenario 2 - Case B; Radiological Dose Consequence Summary 

1 2,394 1 26 I 0.54 I 0.19 I Exposed Drums Breached 
(ex.,  too tier) 

1 13,680 I 150 I 3.1 I 1.1 I StackedDnrms Fall/Bre&h 
(3d and 4* Tier) 

Case B: The radiological dose consequences of the BDBE-induced spill involving 3,000 
exposed (top tier) TRU drums and 6,000 TRU drums stacked on the 3"' and 4" tier in a medium 
construction facilitv are moderate (3.6 rem) for the MOI @ 1,200 4 moderate (1.3 rem) for the 
MOI @? 2,367 m, and high (1 53 rem) for the CW. The resulting risk class for the scenario is && 
Class 11 for the MOI @, 1.200 m and 2.367 m (unZikeZy fiequency, moderate consequence) and 
Risk Class I for the CW (unlike& fiequency, high consequence). 
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Table 8-27 NPH Scenario 2 - Case C; Radiological Dose Consequence Summary 

17,100 ExposedDrumsBreached 
(e.g., top tier) 190 3.8 I .4 

I 13,680 I 150 I 3.1 I 1.1 I StackedDnuns FWreach 
(3d and 4& Tier) 

Totals 30,780 340 6.9 2.5 

Case C: The radiological dose consequences of the BDBE-induced spill involving 3,000 
exposed drums in a substantial construction facilitv are high (6.9 rem) for the MOI @ 1,200 m, 
moderate (2.5 rem) for the MOI @? 2,367 m, and high (340 rem) for the CW. The resulting risk 
class for the scenario is Risk Class I for the MOI @ 1.200 m (unlikely fiequency, high 
consequence), Risk ClassII for the MOI @ 2.367 m, (unlikely fiequency, moderate 
consequence), and Risk Class I for the CW (unlikely fiequency, high consequence). 

For the IW located in a light construction facility or open storage area (Case A) at the 
time of the earthquake, death or serious injury could result fiom falling waste containers and 
overhead equipment. There is the potential for the IW to inhale radioactive material being lofted 
by the spilled containers following the event, but the IW would have to remain in the vicinity of 
the spill. The radiological dose consequences to the IW are qualitatively judged to be moderate 
due to the amount of radiological material postulated to be released. The emergency response 
control is credited for the development of a facility emergency plan directing the IW to evacuate 
following spills of radioactive materials. The resulting risk class for both cases is Risk Class 11 to 
the IW (unlikely fiequency, moderate consequences). 

For the IW located in a medium or substantial construction facility (Case B and Case C) at 
the time of the earthquake, partial facility collapse could result in a fatality (high consequences). 
No controls are credited for protecting the IW in this scenario since the impacts of the initiating 
event are so severe that radiological impacts are of little consequence. The emergency response 
control is credited for the development of a facility emergency plan directing the IW to evacuate 
following spills of radioactive materials. However, the resulting risk class for the BDBE scenario 
is Risk Class I for the n;V (unlikely fiequency, high consequence). This high consequence is due 
to the increased radiological exposure in the case where an IW is trapped in the rubble. 
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N o n - C r i t i c a  lity A c c i d e n t s  

W 

Mateid at Rkk (e) = 
Ambient Leakpath Factor (not HEPA) = 

TNT ticplosion Equivalent (e) = 
M a s s  of hMk& if Applicable (e) = 

Plume'Relsase Duration (min) I 
 east Distance to S R ~  bundary (rn) = 

Evaluate Non-CriticarW Accident? IYNhnt Y '  
1,209 . 

3.2E-04 6.5E-06 
6.3E-07 1.3E-08 
1.3E-09 2.6E-11 

I Ambient Leakuath Factor rk t f iEPk =I l.OOE+OO 

Three 
I Four I 2.5E-12 5.2E-14 Respirable Initial Source Term (e) = 2.8@€03 

NPH Scenario 2 - Case A; Radiological Dose Consequences; 1,200 m 
(Light Construction Facility - Falling Drum Stacks) 

N o n - C r i t i c a l i t y  A c c i d e n t s  I 
Aged WG Pu 
95th % 
HWAdivi ty 
Confined Mat 
W 

Ambient Leakpath Factor (not HE 
TNT Explosion Equivalent (9 

M a s s  of Matrix, if Applicable (e) = 

Plume Expansion Fac 
Collocated worker xl 

Respirable Initial Source Term (e) = 2.88E-03 I Four I 2.5E-12 1.9E-14 

NPH Scenario 2 - Case A; Radiological Dose Consequences; 2,367 m 
(Light Construction Facility - Falling Drum Stacks) 
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~~ ~~~ ~ 

N o  n -Cr i  ti ca l i  ty Acci d e n  t s  

Ambient L e a h t h  Factor (not HE 
TNT Explosion Equivalent (a) = 

Mass of Ma% if Applicable (a) = 
Descnte Scenano 

Vcrslm 1 2 

Dose Conversion 

Plume Ewpansion Fa 
Collocated Worker UQ (Jm 

Respirable Initial Sourea Tenn (g) = 2.39E-01 

NPH Scenario 2 - Case B; Radiological Dose Consequences; 1,200 m 
(Medium Construction Facility - Exposed Drums) 

N o n  - C r i t h  l i ty  Acciden- ts  

F o n  of Material (1-1 1 

Dmserihn Sranarin 

ve5iul I .2 

Respirable Initial Source Tenn (a) 239E-01 

NPH Scenario 2 - Case B; Radiological Dose Consequences; 2,367 m 
(Medium Construction Facility - Exposed Drums) 
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I Ambient Leakpath Factor (Not HEPA) -1 l.OOE+OO 

Respirable Initial Source Term (g) = 1.37€+00 

Revision 0 
10/99 

One 1.5E-01 3.1 E43 
TW 3.0E.04 6.1 E46 

Three 6.0E.07 1.2E-08 
Four 1.2E-09 2.5E-11 

N o n  -Cr i  ti ca I i t y  A c c i d e n  ts  

No n -Cr i  t i  ca lity Acci den ts  

Form of Material (1-11 

NPH Scenario 2 - Case B; Radiological Dose Consequences; 2,367 m 
(Medium Construction Facility - Falling Drum Stacks) 

8-78 NSTR-006-99 
RMRS WMF Safety Analysis 



SH Accident Analvsis 

N o n - C r i t i c a l i t y  A c c i d e n t s  

Ambient Leakpath 
T M  Explosion Equivalent (g) = 

Mass of Matrix. if Applicable (9) = 
PlurneJRelease Dmtion ( 

Descntm Scenario: 

Aihorne Release Fraction = 
Respirable Fraction = 

Breathing Rate (rn’1.s) = 
Dose Conversion Factor (rkm/gmk) = 

I Three 7.4E-07 1.5E-08 
Respirable Initial SourceTerm (g) = 1.71E+OO Four 1.5E-09 3 1E-11 

NPH Scenario 2 - Case C; Radiological Dose Consequences; 1,200 m 
(Substantial Construction Facility - Exposed Drums) 

N o  n -Cr i ti ca I i ty Acci d e n  t s  

Breathing Rate (1-3) = 
Form of Material (1 -1 1 

V d m  12  

:onfined Mat 
W 

Respirable Initial Source Term (g) = 1.71E+00 

NPH Scenario 2 - Case C; Radiological Dose Consequences; 2,367 m 
(Substantial Construction Facility - Exposed Drums) 
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N o  n -Cr i  ti ca I i ty Acci den t s  1 

TNT Exprosion Equivalent (a) = 

Respirable Fraction = 

Respirable Initial Source Term (g) = 1.37H00 

NPH Scenario 2 - Case C; Radiological Dose Consequences; 1,200 m 
(Substantial Construction Facility - Falling Drum Stacks ) 

N o  n -Cr i  ti ca l i  ty Acci d en ts 

NPH Scenario 2 - Case C; Radiological Dose Consequences; 2,367 m 
(Substantial Construction Facility - Falling Drum Stacks) 
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Table 8-28 W H  Scenario 2: Case A - BDBE-Induced Spill (Light Construction Facility) 

Not 
Applicable Unlikely Unlikely MOI 

Not cw Unlikely Unlikely 

Not 
Applicable IW Unlikely Unlikely 

111 Container Stacking (Banding) LOW 

6.5E-3 rem I Not I I 
LOW 

2.3B-3 rem 
LOW Not 

0.32 rem Applicable 
111 Same as MOI 

ContninerInteglity 
Container Fissile Material Loading 

Emergency Response 
I I 

- 

. . . . . . . . . . . . . . . . . 
C 
C 
C 

M AOLI 
M AOL4 
P AOL 6 

AC 5.6 
AC 5.5 
AC 5.5 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without F’revention/Mitigation Scenario Frequency/Consequence/Risk Class determinations. 
The “without mitigation” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Wiout Mirigdon and Wuhout fim&&@&n columns are marked “Not Applicable. ” 
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MOI Unlikely 

Unlikely + 
Unlikely 

IW I 
I 
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Table 8-29 NPH Scenario 2: Case B - BDBE-Induced Spill (Medium Construction Facility) 
4 9  (Radioactive MateriaIslWa.de Container) and 13H (Other Hazards/Seismic Induced Spills) 

Seismic event involving TRU waste drums: 3,000 exposed (top tier); 6,000 on 3d and 4* tiers; DBE causa facility structural failure and toppling stacks of drums 
Effective MAR = 16,074 grams of aged WG Pu (0.7% DR for exposed drums, 2% DR for stacked drums, 95’ % UCL Container MAR); occurs in any of the medium 
construction facilities 

[causes] 13H (Seismic Induced Spills) 
[energy sources] 8C (Stacked Waste Containers) and falling stucturdquipmentldebris 

SH 

Unlikely 

Not 
Applicable Unlikely 

Moderate 
3.6 rem 

Q 2,367 m 

Moderate 
1.3 rem 
High 

176 rem 

Moderate 

’ Not 
Applicable 

Not 
Applicable 

Not 
Applicable 

@ 1,200 m 

11 

Q 2,367 m 

11 

I 

11 

Container Integrity 
Container Fissile Material Loading 

Building Structure 
container stacking (Banding) 

C M AOLl 
C M AOL4 
C P AOL6 
C P M  AC 5.4 

Same as MOI 

Container Integjty C M AOLl 
Container Fissile Mateiial Loading C M AOL4 
Training D M AC5.6 

M AC5.5 Emergency Response D .  
D M AC5.5 J N D W  

Notes: Underlined Credited Protedive Features are included as inherent and credited controls in the Without PreventionlMitigation Scenario FrequencylConsequencdRisk Class determinations. 
The “without mifigation” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system. HEPA filtration, etc.). When a facility system 
cannot be credited, the Wdhouf Mifigation and Wuhouf Revenfio~ifigation columns are marked “Not Applicable. ” 
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. . . . .  

MOI 

cw 

1w 

. . . . . . . .  

Unlikely 

Unlikely 

Unlikely 

Table 8-30 NPH Scenario 2: Case C - BDBE-Induced Spill (Substantial Construction Facility) 

4B (Radioactive MaterialsMraste Container) and 13H (other HazarddSeismio Induced Spills) 

Seismic event involving TRU waste drums: 3,000 exposed (top tier); 6,000 on 3“ and 4’ tiers; DBE causes facility stuctural failure and toppling stacks of drums 
Effective MAR = 30,780 grams of aged WG Pu (5% DR for exposed drums, 2% DR for stacked drums, 
construction facilities 

causes] 13H (Seismic Induced Spills) 
[energy sources] 8C (Stacked Waste Containers) and falling structure/e4uipment/debris 

‘ 

% UCL Container MAR); occurs in any oflhe substantial 

, 

SH 
................. 

Unlikely 

Unlikely 

Unlikely 

. . .  

Not 
Applicable 

Not 
Applicable 

Not 
Applicable 

High 
6.9 rem 

Not 
Applicable m1 

Moderate 
2.5 rem 
High Not 

3 4 0 m  Applicable 

Not 
Applicable Hi’ 

I 

@ 1.200m I container Integrity 
Container Fissile Material Loading 

Building Structure 
I Container Stacking (Banding) 

I 
I I SameasMOI 

container Integrity 
Container Fissile Material Loading 

Emergency Response 
I Training 

C 
C 
C 
C 

C 
C 
D 
D !  
D - 

M 
M 
P 

P/M 

M 
M 
M 
M 
M - 

. .  

AOL1 . 

AOL 4 
AOL 6 
AC 5.4 

AOL 1 
AOL 4 
AC 5.6 
AC 5.5 
AC 5.5 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without PreventionlMitigation Scenario FrequencylConsequencelRisk Class determinations. 
The “wirbour mitigation’’ scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Whout Mitigation and Wahout fieventiodUitig&n columns are marked “Not Applicable. ” 
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8.4.4 Control Set Vulnerability 

The postulated DBE and BDBE have unlikely scenario frequency bin assignments. 
Concurrent failures of mitigative features would lead to an extreme6 unZZkely freq&ny bin 
assignment for the scenario. Slight increases in MAR due to protective feature failures would 
have no impact on the direct earthquake consequences and would contribute little in increasing 
any radiological consequences associated with the event due to the amount of material released. 

Failure of thejkeVcombustible loading and ignition source control program could result 
in a fire concurrent with the DBE or BDBE event. If the fire were of signiscant size, the release 
fiaction assumed in the analysis would signrScantly increase (i.e., breached drums could have a 
combined airborne release fkaction and respirable fkaction of up to 0.05 rather than the 0.0001 
used in the analysis). Failure of this protective feature could yield signiscant consequences. 
However, the likelihood of failing thejkeb'combustible loading and ignition source control 
program, having a DBE or BDBE, and having an ignition source in the area of the excess 
combustible materials is considered beyond extremely unZikely. 

Failure of the container fissile material loading mitigative feature (higher MAR 
containers) would result in additional MAR and a corresponding increase in the radiological dose 
consequences. 

Failure of either the container integrity or container stacking (banding) protective 
features could lead to more drums being breached and result in additional MAR and a 
corresponding increase in the radiological dose consequences.. 

In all situations discussed above, the following defense-in-depth feature tends to mitigate 
the scenario but is not credited in the analysis: 

Building Structure: The building structure design feature (an attribute of the Maintenance 
and Surveillance of SG3 SSGs) can lead to mitigating the effects of the DBE (remaining 
intact yielding an ambient leakpath factor). The building structure design feature can lead to 
the preventing (reducing the likelihood of building partial collapse) and mitigating the effects 
of the BDBE (remaining intact yielding an ambient leakpath factor and reducing the number of 
drums impacted by falling debris, allowing the IW to survive the event and evacuate the 
facility). 

FueVcombustible loading and ignition source control, container integrity, and container 
fissire material loading: The jkeVcombustible loading and ignition source control 
program, the container integrity feature, and the containerfissile material loading limits all 
reduce the radiological source term that the IW could be exposed to following the DBE. 

Training (IW only): The IW training program is an additional mitigative feature that can 
reduce IW consequences as a reinforcement of emergency response evacuation guidance. 

Emergency Response: Emergency Response directs the IW to evacuate the facility in the 
event of spills of radioactive material that lessens the worker exposure to radiological material 
releases. 

L W W  gW only): Facility management or other personnel can utilize the LWWsystem to 
reduce IW consequences by announcing the spill to facilily personnel. 
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8.4.5 NPH Scenario Assumptions 

In the evaluation of the NPH scenarios, assumptions are identified for prevention a d o r  
mitigation of the accidents. Table 8-31 presents a listing of the assumptions specified in the 
evaluation of NPH scenarios. The scenarios/cases to which each assumption applies are listed in 
the table along with the impact of the assumption. The bold italicized text in the Assumption 
Impact column identifies a credited protective feature that is carried forward to the Wmte 
Management Facilities Technical Safety Requirements. 

Table 8-31 NPH Scenario Assumptions 

LLW Containers contain no more 
than 0.5 grams WG PU equivalent in 
dnunsand3gramsWGPU 
equivalent in metal boxes. 

TRU waste containen contain no 
more than 200 grams WG Pu 
equivalent in drums and 320 grams 
WG Pu equivalent in metal 
boxedSWBs. 

The 9 P  percentile UCL gram 
loading value for LLW dnuns is 
appropriate for seismic events. 
The 95* percentile UCL gram 
loading value for TRU drums is 
auurouriate for seismic events. 

A drop/fall of banded waste drums 
results in the eqmalent release of 
material of one waste drum 

Waste containers stacked above the 
second tier wil l  be banded. 

It is beyond extremely unlikely to 
breach a POC or Qpe  B shipping 
container by structural member or 
falling object impacts due to impact 
angle requirements and weight 
needed to lead to failure. 

Metal waste containers cannot be 
breached by falls less than four feet. 

NPH Scenario 2, Case A 

NPH Scenario 1 
NPH Scenario 2, Case B 
NPH Scenario 2, Case C 

NPH Scenario 2, Case A 

NPH Scenario 1 
NPH Scenario 2, Case B 
NPH Scenario 2, Case C 

NPH Scenario 2 

NPH Scenario 2 

NPH Scenario 1 
NPH Scenario 2 

NPH Scenario 2 

Sets the MAR for determining the 
bounding LLW container type postulated 
for the seismic-indud spill scenario. 

Container FmYe Material Loading 
Sets the MAR for determining the 
bounding TRU waste container type 
postulated for the seismic-induced spill 
scenario. 

Container F i i e  Material Loading 
Sets the total LLW MAR for the seismic- 
induced spill scenario. 

Sets the total TRU waste MAR for the 
seismic-induced spill scenario. 

Sets the potential MAR for the scenario 
impacting TRU or low-level waste 
containers. 

Container Stacking (Banding) 
Reduces the effective MAR of the 
scenario due to a pallet of waste drums 
dropping or falling from the third or 
fourth tier of the stack. 

Container Stackinz (Bandinz) 

Reduces thelikelihood of POC or Type B 
shipping container failure from impacts 
with structural members or falling objects 
by two frequency bins. 

Container Integrity 
(POC7Type B Container) 

Reduces the likelihood of TRU and 
low-level waste container failure due to 
dropping from less than four feet to 
Beyond Extremely Unlikely. 

Container Integrity 
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Table 8-31 NPH Scenario Assumptions 

A combmile material and ignition 
source control program shall be 
implemented to make lires in areas 
containing staged or stored 
radioactive material unlikely events. 

Elements of combmile material 
control include: 
0 highheatrelea~erak 

mmbustiile material 
reStricti0nS; 

0 nowoodencratesininternal 
waste storage areas; 

0 wmbustiiles have five foot 
maration Itom waste 
containen. 

Elements of ignition source control 
include: 
0 restrictions on smoking in 

facilities; 
0 hot work ~ermits. 

The Waste Management Facilities 
will develop facilily-specSc 
Emergency Plans. 

NPH Scenario 1 
NPH Scenario 2 

NPH Scenario 1 
NPH Scenario 2 

Reduces the likelihood of seismic- 
induced fires to Beyond Ekb-ernely 
Unlikely. 

FueUCombustible Loading and 
Ignition Source Control 

Reduces the exposure of the IW to 
releases and prevents exposure of the IW 
to snow load-induced facility collapse. 

EmerRency Response 
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8.5 EXTERNAL EVENTS ACCIDENT ANALYSIS 

8.5.1 External Events Scenario Development and Selection - 

In Section 6.1, Hazard Evaluation, aircraft crashes were identified as initiating a spill and 
fire. According to DOE-STD-3014-96 (Ref 52), aircraft crashes may be screened to determine if 
a crash is a credible event for a facility. 

The fiequency of occurrence for a small  aircraft crash as a hc t ion  of target area has been 
analyzed in Emergency Planning Technical Report, 97-EPTR-004, Analysis of Aircrafi Crash 
Accidents at the Roc@ Fhts Environmental Technology Site (Ref 53). In terms of fiequency, 
the greatest numbers of aircraft are represented by the small plane category associated with the 
Jefferson County Airport due to its operational volume and the closeness to the Site. The crash 
of a large aircraft at the Site is screened out as a possibility in 97-EPTR-004. Denver 
International Airport and the 5-60 Jet Route are also screened out fiom the analysis using the 
methodology of the DOE-STD-3014-96 on analysis of aircraft accidents, because the airport is 
more than 12 miles fiom the Site and the center of the jet route is more than six miles fiom the 
Site. The technical report concluded the accident frequency involving Site facilities has been 
determined to be 7.67E-4 accidents/square mile-year. Using the methodology of the 
DOE-STD-3014-96 the effective area for an aircraft crash was calculated and determined to be 
5.92E-3 square miles. Multiplying the accident frequency by the effective area of specific waste 
management facilities results in a fiequency of occurrence of aircraft crashedyear for the specific 
facility. Table 8-32 lists the crash frequencies for waste management facilities on Site. 
Spreadsheets that document the calculation of the fiequencies follow the table. 0 

The DOE Standard directs consideration of "critical areas," possible impact approaches, 
and features that would act to limit the skid distance into the facility. Perforation due to aircraft 
crash was considered in 97-EPTR-004. The conclusion was that Single, Twin, and Turboprop 
aircraft would not perforate structures with 12 inch reinforced concrete walls and 4inch 
reinforced concrete roofs. Most waste management facilities are Butler-type buildings that do not 
meet these criteria, and thus any aircraft crash is assumed to perforate the waste management 
facility. Since most waste management facilities are not located near other, non-waste 
management facilities, no modifications to approach is made, i.e., the facility is vulnerable to 
aircraft crashes fiom any direction. Also, due to this lack of protection, no modification to the 
skid distance prescribed by the Standard is made. 

Inspection of Table 8-32 shows that for all waste management facilities where an aircraft 
crash is credible, the fiequency is extremely unlikely. 
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Table 8-32 Waste Management Facilities Aircraft Crash Frequencies 

Building 440 
Building 460 

3.73E-6 
1.05E-5 Largest potential waste storage building on Site. Provides bounding 

highest iteciuellw. 
Building 569 

Building 664 
Building 666 

750/904 Pad 
I Building906 I 2.66E-6 I ~~ I 

1.36E-6 

4.42E-6 
1E-6 

1.633-6 

Smallest waste storage building with a &%le aircraft crash. 
Provides bounding lowest fkequency. 

Analpal in the Building 666 Tscl Waste Storage Faciliw Facility 
Safkty Analysis in the Site S A R  (Ref. 2) 
For Tent 3. the smallest tent on the 750/904 Pad. 

Building 991 

RCRA Units 

Building 440 

I Percent of 360 
Buildina Building Building mean Skid radius valid fo 

< 1E-6 

> 1E-6 

Analpal in NSTR-011-98, Safety Analysis for the Building 991 
Complex Final Safety Analysis Report (Ref. 33). 
Analpal in the RCRA Storage Units Facility Safety Amlysis in the 
Site S A R  W. 2) 

c 110,922.27 24,506.31 

mile (From EPTR00447) 

PTEl 135,428.57 4.86EU3 

For Building 440. No protection provided by any other building, 
thus EPTR methodology (Building area modified crash 
frequency) does not apply. 

Critical area specific crash frequency 
per year 

3.73E46 
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Building specific crash frequency per 
Year 

1 SEE45 

Critlcal area specific crash frequency 
per year 

1.05E-05 

Building 460 

. C . .  - . . .  I Bu'ilding Building.. Building mean Skid radius valid foi 

'A 337,253.61 44,390.41 P T E I  381,644.02 1.37E-02 

mile (From EPlR-00497) 
For Building 460. No protection provided by any other building, 
thus EPTR methodology (Building area x modified crash 
frequency) does not apply. 

Building 569 

e I Percent or 360' 
Building Building Building mean Skid ' radius valid for 

thus EPTR methodology (Building area x modified crash 
frequency) does not apply. I 

- 
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177.45 

4 ft' 
43,643.14 15,466.70 

other building, thus EPTR methodology (Building area x modified 
crash frequency) does not apply. 

Crash frequency per year per square 
mile (From EPTR004-97) 

7.67E-04 

8uilding specific crash trequency per 
year 

1 B E 4 6  

Cribcal area specific crash frequency 
per year 

1 .=E46 

Building 664 

I Percent of 360 
Buildina Building Buildina mean Skid radius valid for 

t R n  
250.00 I 

n, ft' &e 
- 

Crash frequency per year per square 
mile (From EPTR004-97) 

7.67E-04 

For Building 664. No protection provided by any other building, 
thus E R R  methodology (Building area x modified crash 
frequency) does not apply. . 

building specific crash frequency per 
year 

4.42E46 

Eribcal area specific crash frequency 
per year 

4.42E46 

750/904 Pads 

I Building Building Building mean Skid radius valid foi 
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284.60 I 
A( R' 4rt' 

73,994.56 22,753.14 

thus EPTR methodology (Building area x modified crash 
frequency) does not appty. 

Crash frequency per year per square 
mik (From EPTRQ0497) 

7.67E-04 

Building specific crash frequency 
year 

2.66E-06 

Er ika1 area specific crash frequency 
per year 

2.66E-06 

Building 906 

I Percent of 360' 
Building Building Building mean Skid radius valid foi 

ReDresentative Aircraft Crash Scenario 

The representative &craft crash scenario evaluated for waste management facilities is: 

Aircraft Crash Scenario 1 - Aircraft Crash-Induced LLW, TRU Spill and Fire 
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8.5.2 Aircraft Crash Scenario 1 - Aircraft Crash-Induced Spill and Fire 

This accident scenario is discussed below and is summarized in Tables 8-27 and 8-29. 
Credited protective features identified in the discussions that follow will be indicated in bold 
italicized text. The RADIDOSE calculations for this scenario are provided the Accident 
Consequences section. 

Accident Scenario 

A 6,000-pound aircraft crashes into a waste management facility at 90knots, causing 
physical damage to the structure and waste containers. A radiological release due to an aircraft 
crash consists of three release mechanisms each contributing to the calculated radiological dose: 
(1) a spill of drums that are breached by impact, (2) a subsequent fbel pool fire burning the 
unconfined contents of the drums breached by impact, and (3) the pool fire impacting additional 
drums within the pool fire area resulting in a conlined material release (the drums are involved in 
the fire but were not breached by impact). The pool of &el is expected to be 800 fi2 (Ref 53). 

For Case A and Case B, seventy waste drums are assumed to be breached as the direct 
result of the crash impact (Ref 54). The entire contents of the seventy breached drums is spilled 
and becomes involved in the subsequent pool fire resulting in an unconfined material release. An 
additional 4 10 drums within the pool fire area are also involved ip the fire and result in a confined 
material release. For Case C, ten POCs are assumed to be breached as the direct result of the 
crash impact (Ref 34). A portion of the contents of the ten. breached POCs is spilled and 
becomes involved in the subsequent pool fire as unconfined matecal with the remaining unspilled 
portion involved as confined material. No additional POCs within the pool fire area are 
postulated to be involved beyond the ten that are breached by crash impact. 

- 
Three cases are evaluated for this scenario. Case A involves LLW drums, Case B involves 

TRU drums, and Case C involves POCs. - 

Scenario Modeling Assumptions: Case A, Case B, and Case C: spill; confined material; 
10 minute duration; lofted fire; confined material; 10 minute duration; and lofted fire; unconfined 
combustibles; 10 minute duration. 

Accident Frequency 

Aircraft from the Jeffco Airport could crash into a Site building, thereby causing materials 
(including waste) to bum. As determined above, the frequency of an aircraft crashing into a waste 
management facility is extremely unlikely for Case A Case B, and Case C. 

Scenario Modeling Assumption: extremely unlikely event 

Material at Risk 

For Case A and Case B, it is postulated that 70 waste drums are breached by the physical 
impact of the aircraft crash (due to container infegn.4 and based on kinetic energy available to be 
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absorbed (Ref 54)). Additionally, the ensuing pool fire involves the 70 breached drums plus 4 10 
non-breached dnuns within the area of the pool lire. This results in a total of 480 drums at risk. 
To be conservative, 100 percent of the 70 breached drums are assumed to contain combustibles. 
The remaining 410 drums are assumed to remain confined after the aircraft crash. 

Case A: Containmfissile material loading for the waste management facilities allows up 
to 0.5 grams WG Pu equivalent .to be contained in each LLW drum. Therefore, the MAR for 
breached combustibles is 35 grams of plutonium from breached containers. The MAR for intact 
drums of confined materials is 205 grams of plutonium. A "blended" dose conversion factor of 
3.07E7 (Ref 55) is used in modeling this scenario since more than 30 containers are involved. AU 
contents of the containers are assumed to be involved, therefore the DR is 1. 

Case B: Containmfisile material loading for the waste management facilities allows up 
to 200 grams WG Pu equivalent to be contained in each TRU drum. Therefore, the MAR for 
breached combustibles is 14,000 grams of plutonium fiom breached containers. The MAR for 
intact drums of confined materials is 82,000 grams of plutonium. A "blended" dose conversion 
factor of 3.07E7 (Ref. 55) is used in modeling this scenario since more than 30 containers are 
involved. All contents of the containers are assumed to be involved, therefore the DR is 1. 

Case C: Ten drums are assumed to be breached as the direct result of the crash impact 
(based on kinetic energy available to be absorbed). The amount of material at risk assumed is the 
most conservative containerfissile materid loading of plutonium and americium fiom a dose 
consequence standpoint. This would be 199 g of aged WG Pu and 16 g Americium per container. 
This amount can be modeled in RADIDOSE (Ref 9) using either Solubility Class Y or W. The 
WG Pu equivalent amount using Solubility Class Y and Class W is 1,255 g and 883 g, 
respectively. From a dose consequence standpoint, it is more conservative to model the material 
at risk using the Class W amount of 883 g WG Pu equivalent. Therefore, the material at risk for 
the 10 Pipe Overpack Containers postulated to be involved in this scenario is 8,830 g WG Pu 
equivalent. A 10 percent damage ratio is credited due to the robustness of the POC (container 
integrity) Therefore, the final MAR is 10 percent of 10 Pipe Overpack Containers or 883 g WG 
Pu equivalent spilled as powder and burned as unconfined combustibles, and the remaining 90 
percent or 7,947 g WG Pu equivalent burned as confined material. A fie1 pool fire is assumed to 
occur, resulting in the burning of the unconfined as well as the confined material. Because the 
release fiaction associated with Pipe Overpack Containers, any contribution fiom peripheral Pipe 
Overpack Containers in the pool fire would be neghgible. 

Scenario Modeling Assumptions: 

Case A: 480 LLW drums, aged WG Pu, 240 grams, Blended DCF, DR = 1 
Case B: 480 TRU drums, aged WG Pu, 96,000 grams, Blended DCF, DR = 1 
Case C: 10 POC drums, aged WG Pu, 8,830 grams, Solubility Class W DCF, DR = 1 

Accident Conseauence 

The crash and dose calculations are very conservative; this is evidenced by the following: 
(1) energy consumed in penetrating the building, although sigmEicant, is ignored, (2) no fictional 
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Unconfined Combustiile 
Materia-bLoftedFke 

ClnlfkedMateria-Lofted 
Fire 

e losses are considered, (3)the maximum number of drums are breached, (4) optimal energy 
distribution to involve the maximum number of drums is assumed, (5) bounding MAR values are 
used, and (6) all of the breached drums are assumed to be combustibles. 

Unwnfined 35 

confined 205 

Case A: The consequences from an aircraft crash fire are moderate to the MOI (0.21 rem 
@ 4,200 m, due to lofting), and moderate to the CW (7.7 rem). The resulting risk class is 
Class III for both the MOI and CW (extremely unlikely fiequency, moderate consequences). 
Table 8-33 shows the radiological dose component fiom the s p a  unconfined material fire, and 
confined material fire release mechanisms.' 

2.0301 
(at 4,200 m) 

1 . m 2  
(at 4,200 m) 

7.9303 
(at 1,200 m) 

=2.1EOlto 
the MOI at 

4,200m 
C 7.9E-03 to 

between 
1,200 m and 

2,367 m 

thereceptor 

For the IW located in the vicinity at the time of the event, the aircraft crash could result in 
death or serious injury. The radiological dose consequences to the IW are qualitatively judged to 
be moderate due to: (1) the indicators of an accident (i.e., noise, verbal warnings, etc.) that 
inform the IW of the event; and (2) building emergency response and radiation protection 
guidance that directs the lW to evacuate. These controls mitigate the consequences of the event 
to the IW. The resulting risk class for this scenario is Risk Class 111 to the IW (extremely unlikely 
frequency, moderate consequences). 

2.0E-01 
(at 4,200 m) 

1.2E-02 
(at 4,200 m) 

2.8- 
(at 2,367 m) 

=2.1301to 
the MOI at 

4,200m 
C 2.8E-03 to 

between 
2,367 m and 

4,200 m 

the- 

Table 8-33 Aircraft Crash Scenario 1 - Case A; Radiological Dose Consequence Summary 

spill 

e 
confined 35 

6.9E+00 
(at 100 m) 
4.lE-01 

(at 100 m) 
3.8E-01 

(at 100 m) 
7.7EMO 
(at 100 m) 

Case B: The consequences from an aircraft crash fire are high to the MOI (84 rem @ 
4,200 4 due to lofting), and high to the CW (3,110 rem). The resulting risk class is Risk Class II 
for both the MOI and CW (extremely unlikely frequency, high consequences). Table 8-34 shows 
the radiological dose component fiom the s p a  unconfined material fire, and confined material fire 
release mechanisms. 

For the IW located in the vicinity at the time of the event, the aircraft crash could result in 
death or serious injury. The radiological dose consequences to the IW are qualitatively judged to 
be moderate due to: (1) the indicators of an accident (i.e., noise, verbal warnings, etc.) that 
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unconfined- 'ble 
Material-LoftedFire 

COnfinedMataial-Lofted 
Fire 

inform the IW of the event; and (2) building emergency response and radiaiion protection 
guidance that directs the IW to evacuate. These controls mitigate the consequences of the event 
to the IW. The resulting risk class for this scenario is Risk Class 111 to the IW (extremely unlike& 
frequency, moderate consequences). 

0 

Unconfintd 14,000 2.8E+03 7.9E+01 

confined 82,000 1.6E+02 4.6E+00 

(at 100 m) 

(at 100 m) 

(at 4,200 m) 

(at 4,200 m) 

Table 8-34 Aircraft Crash Scenario 1 - Case B; Radiological Dose Consequence Summary 

3.2E+00 
(at 1,200 m) 

m8:4E+01 to 
theMOIat 

4,2001~ 

l.lE+00 
(at 2,367 m) 

u8.4Ei-01 to 
theMOIat 

4,200m 

spill confined 14,000 1.5Ei-02 
(at 100 ml 

7.9E+01 
(at 4,200 m) 

- 

4.6E+00 
(at 4,200 m) 

96,000 

<3.2E+00to 

between 
1,200 m and 

2,367 m 

&receptor 

I 

Case C: The consequences from an aircraft crash fire are low to the MOI (0.075 rem @ 
4,200 m, due to lofting), and moderate to the CW (5.3 rem). The resulting risk class is &k 
Class IV for the MOI, (extremely unlike& fiequency, low consequences), and Risk Class III for 
the CW (extremely unlikely frequency, moderate consequences). Table 8-35 shows the 
radiological dose component fiom the spill, unconfined material fire, and confined material fire 
release mechanisms. 

0 

< l.lE+00to 

between 
2,367 m and 

4,200 m 

hrecegtor 

For the IW located in the vicinity at the time of the event, the aircraft crash could result in 
death or serious injury. The radiological dose consequences to the IW are qualitatively judged to 
be moderate due to: (1) the indicators of an accident (i.e., noise, verbal warnings, etc.) that 
inform the lW of the event; and (2)building emergency response and radiation protection 
guidance that directs the IW to evacuate. These controls mitigate the consequences of the event 
to the IW. The resulting risk class for this scenario is Risk Class III to the IW (extremely unlikely 
frequency, moderate consequences). 
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Fire 

spiu 

a Table 8-35 Aircraft Crash Scenario 1 - Case C; Radiological Dose Consequence Summary . 

Powder 883 

Unamfined CoxnbuW . le Unconfined 883 
Material-LQftedFire 
ConfinedMataial-LOfki Gmfined 7,947 

(at 100 m) 

2.7EMO 
(at 100 m) 

5.3EMO 
(at loom) 

(at 4,200 m) (at 4,200 m) 
5.6E-02 2 . 0 m  

(at 1200 m) (at 2,367 m) 

7.5EM to d.SE-02 to 
theMOIat thcMOIxt 

4,200m 4,200m 
< 5.6E-02 to < 2.0E-02 to 
*receptor thereceptor 

between between 

2367 m '4,200 m 
1,200 m and 2,367 m and 

Totals - 8,830 - 

~ 
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N o n - C r i t i c a l i t y  A c c i d e n t s  
Input Sclactions I Optioflalue I Description 

Scenario (1-7) = Spill . 
Material (1-8) = 

x/Q Meteomlogy (1-2) = 
Breathing Rate (1-3) = 

Form of Material (141) = 

Aged WG Pu 
95th % 
Heavy Activity 
Confined M a t  

.---. ..- 

Airborne Release F 

Respirable Initial Source T e n  (9) = 3.50E-03 I Four 1 3.1E-12 6.3E-14 

Aircraft Crash Scenario 1 - Case A; Radiological Dose; Spill Component; 1,200 m 

N o n - C r i t i c a l i t y  A c c i d e n t s  

Respirable Initial Source Term @) = 3.50E.03 

Aircraft Crash Scenario 1 - Case A; Radiological Dose; Spill Component; 2,367 m 
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I Ambient L e a r n  Factor (Nd HEPh =I I .00E+00 
D . ~ r b o * u . d l * H D A 6 1 k . W . s  a - b o r d  e p o  ne--1.R.d M r a l o n  
CW at100 P (men -1.R.d). 100 m (1.rt.d): YO1 ev1200 m ( n  .o-l.md). 47.00 m (I.** 

Respirable M a l  Source Term (e) = 1.75€+00 

N o n  - C r i t i c a l i t y  A c c i d e n t s  I e 

One 1.9E-01 4.0E-03 
TWO 3.8~04 7.9E46 

Three 7.7E-07 1.6E-08 
Four 1.5E-09 3.2E-11 

Form of Material (1-1 1 

~ 

N o n  - C r i t i c a l i t y  A c c i d e n t s  

Aircraft Crash Scenario 1 - Case A; Radiological Dose; Fire Component 
(unconfined material); 2,367 m e 
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N o n  - C r i t i c a l i t y  A c c i d e n t s  

Ambient Leakpath Factor hot H 
TNT bqlosion Equivalent @) = 

Mass of Mat& if Applicable @) = 
Descnbe Scenano: 

PlumeRelease Duration ( 

Vamm 1 2  

Plume Expansion Fa 

Aircraft Crash Scenario 1 - Case A; Radiological Dose; Fire Component 
(confined material); 1,200 m 

~~~~ ~~ ~ 

N o n - C r i t i c a l i t y  A c c i d e n t s  

x/Q Meteorology (1-2) = 
Breathing Rate (1-3) 

F o ~  ofMaterial(1-11) = Confined Mat 
w 

Ambient Leakpath 

velaon 12 

Aircraft Crash Scenario 1 - Case A; Radiological Dose; Fire Component 
(confined material); 2,367 m 
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N o n  - C r i t i c a  l i t y  A c c i d e n t s  

Descnbe Scenario. 

U d r n  17 

F o ~  of Material (1-1 1 

Respirable Initial Source T e n  (e) = 1.40€+00 ’ 

Aircraft Crash Scenario 1 - Case B; Radiological Dose; Spill Component; 1,200 m 

I N o n - C r i t i c a l i t y  A c c i d e n t s  

I Input Selectbns I OptionNatue 1 &scription I UserSpecffied Isotopk Mix 
Scenano (1-7) = I 6 . ISpi I l  Mass Fraction 

Material at Risk (e) = 
Ambient Leakpath Factor (not HEPA) = 

Aircraft Crash Scenario 1 - Case B; Radiological Dose; Spill Component; 2,367 m 
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N o  n -Cr i ti ca I i ty Acci d en t s  

Ambient Leakpath Factor (not H 

I TNT mlosion Equivalent &) = 
Mass of Ma- W Applicable (e) 
PlumeRelease Duration (min) = 

Airborne Release Flaction 
Respirable Fraction 

Plume Expansion Fa 

C W o t  100 m (aea-l.*.d). 100 II (I.**d): IIOI.11200 m (nom -l***d). 42W II (I**. I 3.1 E44 6.3E-06 
Respirable Initial Source Term (9) = 7.00€+02 6.1E-07 I . 3 ~ 0 a  

Aircraft Crash Scenario 1 - Case B; Radiological Dose; Fire Component 
(unconfined material); 1,200 rn 

N o n  -Critics l i t y  A c c i d e n t s  

C W e 1 1 0 0  m (nee-lifted). 100 m (Ie0.d): YO1 a t  2367 m (n.a-lra.d),4200 m (I@*. 3.1E-04 2.3E-06 
' Respirable Initial Source Tern (s) = 7.00E+02 6.1E-07 4.5E-m 

Aircraft Crash Scenario 1 - Case B; Radiological Dose; Fire Component 
(unconfined material); 2,367 m 
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N o n - C r i t i c a l i t y  A c c i d e n t s  

Heavy Activily 
Confined Mat 
W 

Material at Risk (e) = I Ambient L e a r n  Factor (not HEPA) = 

Respirable Initial Source Term (g) = 4.10E41 

Aircraft Crash Scenario 1 - Case B; Radiological Dose; Fire Component 
(confined material); 1,200 m 

N o n - C r i t i c a l i t y  A c c i d e n t s  

I I 
W 

Aircraft Crash Scenario 1 - Case B; Radiological Dose; Fire Component 
(confined material); 2,367 m 

8-102 NSTR-006-99 
RMRS WMF Safety Analysis 



SH Accident Analvsis 

a 

N o n - C r i t i c a l i t y  A c c i d e n t s  

Describe Scenario 

urd- 4 3 .I-_. ... 

Respirable Initial Source Term (a) = 1.77E02 

Aircraft Crash Scenario 1 - Case C; Radiological Dose; Spill Component; 1,200 m 

N o n - C r i t i c a l i t y  A c c i d e n t s  

Respirable Initial Source Term @) = 1 .TIE42 

Aircraft Crash Scenario 1 - Case C; Radiological Dose; Spill Component; 2,367 m 
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N o n  - C r i t i c a  l i ty  A c c i d e n t s  

Breathing Rate (19) = Heavy Activity 

W 
FonofMaterial(l-ll)= Uncon Comkrst 

Ambient Lealaam 
TNT l3pbsion Equivalent @j = 

Mass of Matrix WApplicable @) = 
PluMelease  Duration (min) = 

Describe Scenam 

vaslon 12 

KCDULIS 

P lum Doses 
EPAStages I CW (rem) MOI (rem) 

Zero I 2.4BOO 6.9E-02 

Effective MAR. Indukng i R  (gj = 8.83E42 
Plume Eqmsion Famr = 1.000 

Collocated Worker UO (shn3 = 3.59E.04 9.94E.03 
Public r/a (shn’l= l.ME.05 2.05E.04 I Ambient L e a M  Factor Mot HEPA =I 1.00E+00 One 6 . 8 E M  1.4E-03 

BI THO 1.4E.04 2.8E-06 
CW.~1001a ( m . m - l ~ ( l d ) . l O O m  (b?d): MOI.~lZOOn (a.n-I.fv.d).4200m (I**. Three 2.7E07 5.6E-09 

lb  t c n d l ?  HD A 6 Iw.ll.n a PO h -d II p . 0  0 en -1.h.d w9 rn I w  a. 

Respirable Inilial Source T e n  @I = 4.42E.01 Four 5.4E-10 1.1 E-1 1 

Aircraft Crash Scenario 1 - Case C; Radiological Dose; Fire Component 
(unconfined material); 1,200 m 

N o n  - C r i t i c a l i t y  A c c i d e n t s  

.- 

Respirable I n b l  Source Term @) = 4.42E.01 

4ircraft Crash Scenario 1 - Case C; Radiological Dose; Fire Component 
(unconfined material); 2,367 m 
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N o n - C r i t i c a l i t y  A c c i d e n t s  

T M  Explosion Equivalent (s) = 

Respirable Initial Source Term (e) = 3.97E02 I Four I 4.9E-11 1,OE-12 

Aircraft Crash Scenario 1 - Case C; Radiological Dose; Fire Component 
(confined material); 1,200 m 

N o n - C r i t i c a l i t y  A c c i d e n t s  

~$2 Meteorology (1-2) = 

Aircraft Crash Scenario 1 - Case C; Radiological Dose; Fire Component 
(confined material); 2,367 m 
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Table 8-36 Aircraft Crash Scenario 1, Case A - LLW Drums Impacted by Aircraft Crash 

Container Fissile Material Loading 

Same as MOI 

Emergency Response C M AC5.5 
Radiation Protedion C M AC5.6 

111 Extremely Extremely Not Moderate Not 
Unlikely Unlikely Applicable 7.7 rem Applicable 

Extremely Extremely Not Ill 

cw 

Applicable Moderate Not Iw Unlikely Unlikely Applicable 

Notes: Underlined Credited Protedive Features are included BS inherent and credited controls in the Without Preventionhlitigation Scenario Frequency/Comequence/Risk Class determinations. 
The “wlfhouf rnMgalfon” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g.. automatio sprinkler system, HEPA fillration, etc.). When a facility system 
cannot be credited, the Wdhouf Mitigation and Wdhouf Preve&Mi&&n columns are marked “Not Applicable. ” 
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Table 8-37 Aircraft Crash Scenario 1, Case B - TRU Drums Impacted by Aircraft Crash 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without PreventionMitigation Scenario FrequencylConsequen~ncelRisk Class 
The “without mitigation” scenario is evaluated when a facility system rn be credited as a mitigative protedive feature (e.g., automatic sprinkler systrm. HEPA filtration, 
cannot be credited, the Without Mitigation and Without&eve&d%4itigation columns are marked “Not Applicable. ” 

*tiOnS. 

dc.). When a facility system 
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8.5.3 Control Set AdequacyNu1nerabilit-y 

No preventive features have been credited in the determination of aircraft crash scenario 
Four mitigative features have been credited. in determination of spill scenario fiequencies. 

consequences. 

The credited mitigative features are: 

1. the Administrative Control for container integrity requirements (MOI and CW); 
2. the Administrative Control of containerfissile material londing (MOI and CW); 
3. the Administrative Control for radiation protection (IW only); and 
4. the Administrative Control for emergency response (IW only). 

Failure of the container integrity mitigative feature (e.g., inadequate container) increases 
the number of waste containers that will breach due to puncture by the aircraft. An increase in the 
number of waste containers involved would result in additional MAR and a corresponding 
increase in the radiological dose consequences. 

Failure of the containerfissile material loading mitigative feature (e.g., underestimation 
of container radiological inventory, over batching, etc.) would result in additional MAR and a 
corresponding increase in the radiological dose consequences. 

Failures of the radiation protection or the emergency response SMPs (inadequate 
response to radioactive material spill) can result in increased IW exposure to airborne radioactive 
materials. This can increase the spill scenario consequences for the IW from low to moderate due 
to the higher radiological dose associated with a longer exposure time. 

8.5.4 Aircraft Crash Scenario Assumptions 

In the evaluation of the aircraft crash scenario, assumptions are identified for prevention 
andor mitigation of the accidents. Table 8-39 presents a listing of the assUmptions specified in 
the evaluation of aircraft crash scenarios. The scenariodcases to which each assumption applies 
are listed in the table along with the impact of the assumption. The bold italicized text in the 
Assumption Impact column identifies a credited protective feature that is carried forward to the 
Wmte Management Facilities Technical Safety Requirements. 
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Aircraft Crash Scenario 1, 
CaseA 

Table 8-39 k c r a f t  Crash Scenario Assumptions 

Sets the potential MAR for the s d o  
impacting LLW containers. 

Container F i e  Material Loading 

U W  containers contain no more 
than0.5gramsWGhequivalentin 
drums and 3grams WGPu 
equivalent in metal boxes. 

Aircraft Crash Scenario 1, 
CaseB 

Sets the potential MAR for the scenario 
impacting TRU waste containers. 

Container F i  Mat& Loading 

TRU waste containers contain no 
more than 200grams WGPu 
equivalent in drums and 320grams 
WGPu equivalent in metal 
boxes/swBs. 

AircraftCraShScenariol, 
a l l C a S e S  

Reduces the exposure to the IW to 
releases. 

Emergency Response 

~ 

POC waste containers contain no 
more than 1,255grams (WGPu 
equivalent). 

Metal waste containers are resistant 
to impacts due to air& crash 

The Waste Management Facilities 
will comply with the Radiation 
Protection pro- 

Aircraft Crash Scenario 1, 
CaseC 

Aircraft crash scenario 1, 
a l l C a S e S  

Aircraft Crash Scenario 1, 
all cases 

Sets the potential MAR for the scenario 
impacting POC waste containers. 

Container F i d e  Material Loading 
Sets the number of waste containers that 
willbe breached in the aircraft crash. 

Container Integrity 
lieduces the exposure to the IW to 
EleaSeS. 

lplldirrtion Rotedion 
The Waste Management Facilities 
will develop facility-specific 
Emergency Plans. 
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9. WASTE CHARACTERIZATION - CHEMICAL (CC) ACCIDENT ANALYSIS 

This section presents the accident analysis for the following fire, spill, and explosion 
accident scenarios associated with CC activities as identifed in Section 6.2.2, Waste 
Characterization - Chemical (CC) Accident Scenarios. 

Reserved 
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10. WASTE CHARACTERIZATION - RADIOLOGICAL (CR) ACCIDENT ANALYSIS 

This section presents the accident analysis for the following fie, spill, and explosion 
accident scenarios associated with CR activities as identified in Section 6.2.3, W m e  
Characterization - Radiological (CRj Accident Scenarios. 

Reserved 
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0 11. REPACKAGING AND TREATMENT (RT) ACCIDENT ANALYSIS 

This section presents the accident analysis for the following fire and spill scenarios 
associated with RT activities as identified in Section 6.2.4, Repackaging and Treatment (RT) 
Accident Scenarios, and Table 6-3 : 

Fire: 

. spill: 
Confinement Enclosure 

Confinement Enclosure 

11.1 FIRE SCENARIO ACCIDENT ANALYSIS 

11.1.1 Fire Scenario Development and Selection 

Waste staging, storage, and handling activities are conducted to support RT activities. 
Representative accident scenarios associated with such activities are presented in Section 8, 
Storage and Handling (SH) Accident Anabsis, and are not duplicated in this section. RT 
activities are unique in that waste containers are opened as part of the process of repackaging and 
treatment. Therefore, RT accident analysis is focused on scenarios involving open waste 
containers. 

Waste repackaging involves opening either LLW or TRU waste containers, sorting the 
contents, and repackaging the contents into appropriate waste containers. However, treatment 
activities are limited to LLW. Site Closure planning does not currently include onsite treatment of 
TRM waste. LLW containers are usually opened inside a confinement enclosure such as a Perma- 
Con or contamination cell (C-cell). In fact, when the level of radioactivity is determined to be 
dc i en t ly  low, LLW containers may be opened outside of a confinement enclosure. TRU waste 
containers are only opened inside a HEPA filtered confinement enclosure (e.g., glovebox) located 
in a confinement area. Confinement areas are equipped with HEPA ventilation (filzkred exhaust 
ventilation system) and are covered by a facility automatic sprinkler system. 

During RT activities, fires may impact the radioactive material inventories of (1) closed 
waste containers staged for repackaging or treatment, or (2) open waste containers being 
repackaged or treated. For closed waste containers an ignition source is assumed to come into 
direct contact with transient flammable/combustible materials in close proximity to the waste 
container(s) as discussed in the SH accident analysis (Ref. Chapter 8). For open waste containers, 
an ignition source is assumed to come into direct contact with either (1) exposed combustible 
waste inside a waste container, or (2) transient flammablelcombustible materials in close proximity 
to the open waste container(s). The types of fires postulated for the RT activity module are: (1) 
fires inside confinement enclosures, (2) fires outside confinement enclosures but inside 
confinement areas (e.g., areas with HEPA ventilation), and (3) fires in areas without confinement 
(LLWonly). 

The fueVcombustible loading and ignition source control program restricts the 
This program also 0 introduction of transient flammable/combustible materials into RT areas. 

Revision 0 
10/99 

11-1 NSTR-006-99 
RMRS WMF safety Analysis 



RTAccident Analvsis 

MetaI LLW box 

Metal LLW dnun 

MetalLLWdrum' 

TRUPAC" ll SWB or 
metal waste box 

I 
restricts wooden crates fiom most waste storage areas. Fire scenarios involving wooden waste 
crates are not evaluated in this NSTR revision. In order to model representative fire scenarios, it 
is assumed that transient combustible material is located in close proximity to LLW boxes or TRU 
waste containers. Such a condition represents a failure of theficeVcombustibZe loading and 
ignition source control program. 

single 3grams 3-  

single 0.5 grams 0.5 grams 

pallet, 4 containers 2grams 1.5 grams 

single 320 grams 320 grams 

' The MAR values associated with the container types evaluated in the fire scenarios are 
presented in Table 1 1 - 1. 

TRU drum 

mu drum' 

Table 11-1 Fire Scenario MAR Values 

single 200 grams 200 grams 

pallet, 4 containers 800 grams 600 grams 

Based on the information in Table 1 1-1, the bounding container type for single-container 
LLW fire scenarios is the metal box (3 g WG PU per box versus 0.5 g WG Pu per drum). The 
bounding container type for single-container TRU waste scenarios is the SWBhox (320 g WG Pu 
versus 200 g WG Pu). For multiple container fire scenarios, the bounding container type for 
LLW is the metal box (3 g WG Pu per box versus 0.5 g WG Pu per drum); the bounding 
container type for TRU waste is three drums as discussed in the facility fire scenario in Section 
8.1.2. 

11.1.1.1 1 MW Fire in RT Confinement Area 

A 1 MW fire starts inside an RT confinement area (but outside a confinement enclosure) 
involving combustible materials located in close proximity to waste containers staged for 
repackaging or treatment. The fire is assumed to generate enough heat and combustion products 
to cause heating, pyrolysis, and venting of containers. Three drums or one waste box are 
postdated to be involved in this fire which is essentially the same as the facility fire evaluated in 
Section 8.1.2, Fire Scenario I - I M'W Waste Container Fire, and thus the evaluation is not 
presented again in this section. 

A 1 MW fire occurring in a confinement area would be bounded by the same 1 M W  fire 
occurring during SH activities because (1) the 1 M W  fire scenario would be modeled the same for 
both RT and SH activities, (2) operable filtration systems can be credited in confinement areas (if 
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present), and (3) a confinement area LPF of less than 1.0, which is the default value used in 
evaluating the 1 MW occurring during SH activities, can be credited. ~ 0 
1t.1.1.2 4 MW Fire in the RT Confinement Area 

A 4 MW fire starts inside an RT confinement area (but outside a confinement enclosure) 
involving combustible materials located in close p r o k t y  to waste containers staged for 
repackaging or treatment. The fire is assumed to generate enough heat and combustion products 
to cause heating, pyrolysis, and venting of containers. Nine TRU waste drums or two LLW 
boxes are postulated to be involved in this fire which is essentially the same as the facility fire 
evaluated in Section 8.1.3, Fire Scenario 2 - 4MW Waste Container Fire, and thus the 
evaluation is not presented again in this section. 

A 4 MW fire occurring in a confinement area would be bounded by the same 4 M W  fire 
occurring during SH activities because (1) the 4 M W  fire scenario would be modeled the same for 
both RT and SH activities, (2) operable filtration can be credited in confinement areas (if present), 
and (3) a confinement area LPF of less than 1 .O, which is the default value used in evaluating the 
4 MW occurring during SH activities, can be credited. 

11.1.1.3 Small Fire in the RT Confinement Enclosure 

A small fire ignites exposed waste materials being repackaged or treated in a RT 
confinement enclosure (e.g., glovebox, C-cell, Perm-Con, etc.). The scenario can involve LLW 
being treated or materials being repackaged into a LLW box or TRU waste box/SWB. This 
scenario is evaluated M e r  in Section 1 1.1.2 as a representative fire scenario for RT activities. 

11.1.1.4 Reuresentative Fire Scenario 

The representative fire scenario evaluated for waste management facility RT activities is: 
Fire Scenario 3 - Small Fire in Repackaging Confinement Enclosure 

11.1.2 Fire Scenario 3 - Small Fire in Repackaging Confinement Enclosure 

This accident scenario is discussed below and is summarized in Tables 1 1-2 and 11-3. 
Credited protective features identified in the discussions that follow will be indicated in bold 
itazicized text. The RADIDOSE calculations for this scenario are provided after the Accident 
Consequences section. 

Accident Scenario 

Case A: This case postulates initiation of a small fire inside an RT Confinement enclosure 
that ignites combustible LLW waste exposed during repackaging or treatment. A LLW waste 
box may consist of hundreds of pounds of combustible waste. 

Combustible LLW waste exposed during repackaging or treatment ignites, consuming all 
the contents of a waste box and breaches the confinement enclosure. Potential ignition or 
HazardEnergy Sources for the fire are: 5B (3;lammabZe Gases), 5E (EZectrical Power Systems), 0 
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13B (Incompatible Chemicals), or 13G (Combustibles). It is assumed that there is sufficient 
separation distance between the RT confinement enclosure and other waste containers staged 
outside the confinement enclosure such that a fire will not propagate. 

The representative fire scenario for LLW repackaging and treatment activities is a fire 
within a Penna-Con or C-cell that involves the contents of one waste box, and breaches the 
confinement enclosure. A non-lofted plume of unconfined radioactive material was assumed in 
determining the consequences for fires of this size. The fire is conservatively assumed to be of 
short duration such that a release over 10 minutes is analyzed. 

Case B: This case postulates hitiation of a small fire inside an RT confinement enclosure 
(glovebox) that ignites combustible TRU waste materials exposed during repackaging. The TRU 
waste may consist of hundreds of pounds of combustible waste. 

Combustible TRU waste exposed for repackaging ignites, consuming all the TRU waste. 
If the fire is not mitigated by the ghebox fire suppression system, it breaches the confinement 
enclosure. Potential ignition or Hazard/Energy Sources for the fre  are: 523 (Flammable Gases), 
5E (Electrical Power Systems), 13B flncompatible Chemicals, 13G (Combustibles), or 13H 
(AP'B-re). It is assumed that there is sdiicient separation distance fiom the RT glovebox 
waste to other waste staged (closed containers) in the confinement area such that -a fire in the RT 
glovebox will not propagate. While the glovebox gloves and HEPA filters may be consumed by 
the fire, it is assumed that thej2eVcombustible loading and ignition source control program is 
implemented preventing fire propagation. In addition, the facility automatic sprinkler system and 
confinement area filtered exhaust ventilation system are credited for mitigating the fire if the 
glovebox is breached. 

The representative RT fire for TRU waste is a glovebox fire that involves waste materials 
within the glovebox. It is conservatively estimated that 320 grams of WG Pu (the glovebox 
criticality limit, which is an attribute of the Criticality S a f w  SMP) is being processed inside the 
glovebox. A non-lofted plume of unconfined radioactive material was assumed in determining the 
consequences for this fire. The fire is conservatively assumed to be of short duration such that a 
release over 10 minutes is analyzed. 

Four controls are credited in preventing propagation of a glovebox fire. The initial control 
is the gloveboxfire suppression system. This system may remain operationally independent of 
the building automatic sprinkler system during fires. The gloveboxfire suppression system is 
assumed to actuate and mitigate the fire, limiting the amount of waste material involved. The fire 
would likely be limited to some portion of the glovebox contents; however, it was conservatively 
assumed that the entire contents are involved. The glovebox filtered exhaust system would 
mitigate the release in this situation. 

The next control is glovebox integrity (an attribute of the maintenance and surveillance 
of SC-3 SSCs administrative control). While a fire may breach the glovebox HEPA filters or 
gloves, it is assumed that the structure will prevent the fire fiom propagating outside the 
glovebox. 
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Another control is the facility automatic sprinkler system that prevents the fire fiom 
propagating and involving nearby waste containers that may be staged outside the glovebox. 
Failure of the glovebox fire suppression system and a subsequent breach of the glovebox 
structure may result in actuation of the facility automatic sprinkler system. Upon actuation, the 
system is assumed to contain the fire within the confinement area (i.e., the system actuates before 
the fire spreads to involve containers exterior to the glovebox). The confinement areafiltered 
exhaust system is assumed to mitigate the release in this situation. 

0 

The final control is the Fire Dqarhnent notificalbn and response. The Fire Department 
can be notified of a fire by building personnel viafire phones or by flow alarms fiom the facility 
automatic sprinkler sys?em Fire Department response limits the fire to the contents of the 
Confinement area. 

Scenario Modeling Assumptions; fire; unconfined combustible waste; 1 0-minute duration; 
non-lofted plume. 

Accident Freauency 

Case A: The likelihood of this postulated LLW fire accident scenario is judged to be 
anticipated without prevention, and unlikely with prevention, because of the following 
considerations: (1) fire occurrence is generally considered to be an anticipated event although not 
as frequent as once per year, (2)the limited amount of electrical service provided to the 
confinement enclosure, (3) the limited amount of fbelkombustible loading (an attribute of the 
fuelkombustible loading and ignition source control program). For Case B, the likelihood of 
the fire involving TRU waste is judged to be anticipated without prevention and unlikely with 
prevention because of the same three LLW considerations as well as the actuation of the glovebox 
fire suppression system. The gloveboxfire suppresswn system is credited with suppressing any 
fire in the glovebox to a level such that only waste material in the glovebox is impacted and the 
fire does not propagate outside. 

Scenario Modeling Assumptions: an unlikely event. 1 

Material-at-Risk 

Case A: It is conservatively assumed that the confinement enclosure is breached by the fire 
and all of its contents are released (i.e., DR = 1.0). Waste management facilities allow up to 
3 grams WGPU equivalent to be contained in each LLW crate, equivalent to the quantities 
assumed in the confinement enclosure. Therefore, the total effective MAR for the postulated 
scenario is 3 grams of WGPU. The material is assumed to be aged WG PU and Solubility 
Class W. 

Case B: It is conservatively assumed that the entire contents of the glovebox is involved in 
the fire and is subject to release (i.e., DR = 1.0). The glovebox criticality limit (an attribute of the 
Criticality Safety SMP) is credited for limiting the confinement enclosure contents to a maxim= 
of 320 grams of WG Pu. In a mitigated situation, the gloveboxfire suppression system activates 
and gloveboxfiltered exhaust ventilation sys?em provides a 1E-3 leakpath reduction. In an 

Revision0 
10/99 

11-5 NSTR-006-99 
RMRS WMF Safety Analysis 



RTAccident Analvsis 

0 unmitigated situation, the glovebox fire suppression system and the glovebox filtered exhaust 
ventilation system both f a  allowing the fire to breach the glovebox. Also in the unmitigated 
situation, the confinement areafiltered exhaust ventilation system fails. 

Scenario Modeling Assumptions: 

Case A: aged WG Pu; 3 grams; Solubility Class W DCF; DR = 1 .O. 

Case B: aged WG Pu; 320 grams; Solubility Class W DCF; DR = 1 .O. 

Accident Conseauences 

Case A: The radiological dose consequences of the LLW box fire in the confinement 
enclosure are low (0.48 rem) to the MOI @ 1,200 meters, law (0.17 rem) to the MOI @ 2,367 
meters, and moderate (23 rem) to the collocated worker. Due to the configuration of the LLW 
repackaging and treatment operation, filtered exhaust ventilation system is credited with 
reducing the dose consequences in this scenario. The resulting risk class for the scenario is && 
Class III for the MOI @, 1.200 meters and 2,367 meters (unlikely frequency, low consequence) 
and Risk Class 11 for the collocated worker (unlikely frequency, moderate consequence). 

For immediate workers 0 in the RT facility at the time of the fire (with loss of 
confinement and without controls), the radiological dose consequences are qualitatively judged to 
be moderate due to: (1) the quantity of radiological material that is released due to container 
@sile maimial loading, (2)the indicators of a fire (e.g., smoke, flames) that inform the 
immediate worker of the event, and (3) building emergency response which directs the immediate 
worker to evacuate. The IW credited controls to mitigate consequences include the confinement 
enclosure integrity, and emergency response (development of a facility-specific emergency plan). 
These controls tend to lower the non-radiological consequences, as well. The resulting risk class 
for the scenario is Risk Class III for the immediate worker (unlikely fiequency, low consequence). 

Case B: The radiological dose consequences of the unmitigated fire (e.g., glovebox 
automatic sprinkler system and facility automatic sprinkler system not actuated, glovebox 
filtered exhaust ventilation system and confinement area filtered exhaust ventilation system 
both fail) are high (51 rem) to the MOI @ 1,200 m, moderate (18 rem) to the MOI @ 2,367 m, 
and high (2,500rem) to the CW. The resulting risk class for the unmitigated Case B is &k 
Class I for the MOI @, 1.200 m (anticipafed frequency, high consequences), Risk Class I for the 
MOI @, 2.367 m (anticipated fiequency, moderate consequences) and Risk Class I for the CW 
(antic@ated frequency, high consequences). 

The radiological dose consequences of the mitigated fire (e.g., glovebox automatic 
sprinkler system actuates and gloveboxfiltered exhaust ventilation system functions, facility 
automatic sprinkler system actuates and conjinement area filtered exhaust ventilaiion system 
functions) are low to the MOI (5.1E-2 rem @ 1,200 4 1.8E-2 rem @ 2,367 m) and moderate 
(2.5 rem) to the CW. The resulting risk class for the mitigated Case B is Risk Class lTI for the 
MOI (unlike& frequency, low consequences) and Risk Class II for the CW (unlikely frequency, 
moderate consequences). 
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For immediate workers in the RT facility at the time of the fire with loss of 
confinement and without controls, the radiological dose consequences are qualitatively judged to 
be moderate due-to: (1) the quantity radiological material that is released based on the glovebox 
criticality limit (an attribute of the Criticality Safety S M P ) ,  (2 )  the indicators of a fire (e.g., 
smoke, fire darms, flames) that inform the immediate worker of the event, and ( 3 )  building 
emergency response which directs the immediate worker to evacuate. The immediate worker 
credited controls to mitigate consequences include the confinement enclosure integrity, the 
glovebox criticality limit, fire alarm transmittdFire Department response control, and 
emergency response (development of a facility-specific emergency plan). These controls tend to 
lower the non-radiological consequences, as well. The resulting risk class for the mitigated 
scenario is Risk Class II for the immediate worker (unlikely frequency, moderate consequence). 
The resulting risk class for the unmitigated scenario is Risk Class1 for the IW (anticipated 
frequency, high consequence). 

0 
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rnm 
Four 

I N o n - C r i t i c a l i t y  A c c i d e n t s  I 

9.3E-08 6.9E-10 
1.9E-10 1.4E-12 

Breathing Rate (1-3 

"-.1"I Id. 

Respirable Initial Sourca Term (e) = 1.50E-01 

Fire Scenario 3 - Case A; Radiological Dose Consequences; 1200 m 

N o n - C r i t i c a l i t y  A c c i d e n t s  

Fire Scenario 3 - Case A; Radiological Dose Consequences, 2367 m 
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N o  n -Cr i  t i  ca li ty Acci d e n  t s  

Ambient Lmkvath Factor (not HE 
T M  Explosion Equwalent (gj = 

Mass of Mat* if Applicable (g) = 
umdRelease Duration (min) = 

Descnbe Scenario 

V-m 1 7 .- 

Dose Conversion 
EFfectii MAR. lnclu 

Plume Ewpansion Fa 

I Three 1.OEo5 2 1 €47 
Respirable Initial Soume Term (g) = 1.60E+Ol Four 2.OE-08 4.1E-10 

Fire Scenario 3 - Case B; Radiological Dose Consequences, 1200 m 

N o n - C r i t i c a l i t y  A c c i d e n t s  

YQ Meteorology (1.2) = 

Uncon Combust 

TNT Explosion Equwale 
Mass of Matrq if Applicab 

Plumemelease Duration 

V-m 1 2 

Airborne Release Fraction = 5.OE4 
Breathing Respirable Rate Fraction (m%) =PI l.OE+W 

4.35E+07 
3.20E42 

9.94E-03 
Public r/Q (dm’, = 7.3OE-05 

Dose Conversion Factor (radgmix) = 
Effective MAR. Including DR (a) = 

Plume Expansion Factor = 
Cobcated Wotker UQ (dm’) = 

Number ot Plume Doses 
stages CW (rem) MOI (rem) 

25- 1.8E+O1 I Ambient Lmkuath Factor (&t HEPA) =I 1.OOE40 One 25E+W 1.8E-02 
TW 5.0E-03 3.7E-05 

Three 1.OEJ.X 7.3E-08 
Respirable Initial Source Term (g) = 1.60E+01 Four 20E-08 1.5E-10 

Fire Scenario 3 - Case B; Radiological Dose Consequences, 2367 m 
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MOI 

cw 

1w 

Table 11-2 Fire Scenario 3, Case A - Small Fire in RT Confinement Enclosure (Non-Glovebox) Involving LLW 
~~~~ 1 B (Radioactive MaterialslWa.de Container) 

Small fue involving RT confimement enclosure (non-glovebox) contents (I LLW waste box). 
Effective MAR = 3.0 mum WO Pu 

High LOW I 111 
(51 rem) (5.1E-2rem) 

Anticipated Unlikely 
p i i % J ~ I ~ ~ J  

Moderate LOW I I11 
(18 rem) (1.8E-2rem) 

High Moderate 
(2,500 rem) (2.5 rem) 

I 11 Anticipated Unlikely 

Anticipated Unlikely High I I1 

I ’ I I Moderate I I I 

confimement Enolosura Integrity 
Fire Extinguishers 
Fire Phondi re  Department Response 

Same as MOI 

Container Fissile Material Loading 
Confinement Enclosure Integrity 
FueUCombustible hading 
Emergency Response 
Fire Phones/Local Fire Alarm 
Training 

M AOL 4 
P AOL 8 

PIM AC5.4 
P AC 5.4 
M AC 5.4 

q 
M 
D 

AOL 4 
AC 5.4 
AOL 8 
AC 5.5 
AC 5.4 
AC 5.6 
AC 5.5 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without PreventionlMitigation Scenario FrequencylConsequendRisk Class determinations. 
The “wirhour mitigation” scenario is evaluated when a facility system CM be credited as a mitigative protective feature (e.g., automatic sprinkler system. HEPA filtration, etc.). When a facility system 
cannot be credited, the Wdhouf Mirigarion and Wdhout hevention/Mirigofion columns are marked “Not Applicable. ” 
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Table 11-3 Fire Scenario 3, Case B - Small Fire in Repackaging Confinement Enclosure (Glovebox) Involving TRU Waste 

MOI Anticipated 

“t” 
IW I Anticipated 

4B (Radioactive MaterialslWaste Container) 

Small fue involving RT confinement enclosure contents (TRU waste). 
Effective MAR = 320 grams WG Pu 
Energy Sources: 5 B (Flammable Gases), 5E (Electrical Power Systems, 13B (Incompatible Chemicals), 13G (Combustibles) 

RT 
. . . . . . . . . . .  

. . . .  . .  

Unlikely 

Unlikely 

Unlikely 

..................... 

. . . . . . . .  

High 
(5 1 rem) 

2,367m 1 

(18rem) 

High 
(2,500 rem) 

High 

....................... 

. . . . . . . . . . . . . . .  
P 

1.200 m 

LOW 

(0.05 rem) 

2,367 m 

LOW 

(0.02 rem) 

Moderate 
(2.5 rem) 

LOW 

I 111 

I III 

I I1 

I 111 

con!imement Enclosura Integity 
Glovebox Criticality Limit 
Glovebox Fire Suppression System 
Glovebox Filtered Exhaust Ventilation 

Filtered Exhaust Ventilation (Cod. Area) 
FueVCombudble Loading 
Ignition Source. Control 
Flow Alsrmlpire Department Response 
Fire PhonedFire Department Response 

Same as MOI 

Automatic sprinkler system 

C 
C 
C 
C 
C 
C 
C 
C 
D 
D 

Confmement Enclosure Integrity 
Glovebox Criticality Limit 
FueVCombustible Loading 
Ignition Source Control 
Emergency Response 
Fire Phones/Local Fire AIann 
Training 

PA4 
M 

P/M 
M 
M 
M 

PA4 
P 
M 
M 

PA4 
M 
PA4 

P 
M 
M 
M 
D - 

P 

AC 5.4 
AC 5.6 
LCO 3.2 
LCO 3.4 
LCO 3.1 
LCO 3.4 
AOL 8 
AOL 8 
AC 5.4 
AC 5.4 

AC 5.4 ’ 

AC 5.6 
AOL 8 
AOL 8 
AC 5.5 
AC 5.4 
AC 5.6 
AC 5.5 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without PreventiodMitigation Scenario Frequency/ConsequenceiRisk Class determinations. 
The “wirhout mitigation” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
m o t  be credited, the Wihout M i a t i o n  and Wihout Rev&&itig&n columns are marked “Notdpplicable. ” 
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11.1.3 Control Set Vulnerability 

and eight mitigative features have been credited in the scenario consequence determination. 
Three preventive features have been credited in the determination of scenario frequency 

The credited preventive features are: 

1.  the hardware control for a gloveboxfire suppresswn system (Case B: all receptors); 
2. the JiteUcombustible loading and ignition source control program (Case A and 

3 .  confinement enclosure integriw control for Perma-Cons and C-cells (Case A: all 

4. glovebox integrity as an attribute of the maintenance and surveillance of SC-3 SSCs 

Case B: all receptors); 

receptors); and 

(Case B: all receptors). 

The credited mitigative features are: 

1. glovebox integrity as an attribute of the maintenance and surveillance of SC-3 SSCs 
(Case B: IW only); 

2. conhement enclosure integrity control (an attribute of the maintenance and 
surveillance of SC-3 SSCs administrative control) for Perma-Cons and C-cells 
(Case A: all receptors); 

3 .  the containetfissile material loading control (Case A: all receptors); 
4. the glovebox criticality limit (an attribute of the CriticdiQ S a f Q  S M P )  (Case B: all 

receptors); 
5 .  the hardware control for a gloveboxfiltered exhaust ventilation system (Case B: all 

receptors); 
6. the hardware control for a gloveboxfire suppression system (Case B: all receptors); 
7. the hardware control for a confinement area filtered exhaust ventilation system 

(Case B: CW and MOI receptors); 
8. the hardware control for a facility automatic sprinkler system (Case B: CW and MOI 

receptors); 
9. the emergency response control (Case A and Case B: IW only); and 
10. thefueUcombustible loading and ignition source control program (Case B: IW). 

Failure of the.gloveboxfire suppression system preventive feature (Case B) increases the 
likelihood that the fire would propagate through the glovebox and involve all of the contents. If 
the fire is extinguished before involving all of the glovebox contents, less MAR is involved in the 

~ 
fire and results in a corresponding decrease in the radiological dose consequences. 

Failure of the JiteUcombustible loading and ignition source control preventive feature 
can increase the likelihood (to anticipated) that a fire can be ignited and sustained. The likelihood 
of a fire starting in a waste storage area is considered unlikely ifthese controls are implemented. 
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Failure of the confinement enclosure integrity (an attribute of the maintenance and 
surveillance of SC-3 SSCs administrative control) feature, credited as both preventive and 
mitigative, increases the likelihood that the fire will breach the Perma-Con or C-cell and impact 
nearby waste containers. Without th is  'feature, it is anticipated the fire would breach the the 
Perma-Con or C-cell enclosure. 

0 

Failure of the glovebox integrity preventive feature (an attribute of the maintenunce and 
surveillance of SC-3 SSCs administrative control) increases the likelihood that the fire will breach 
the glovebox and impact nearby waste containers. Without this feature, it is anticipated the fire 
would breach the glovebox enclosure. 

Failure of the glovebox integrity,mitigative feature (an attribute of the maintenance and 
surveillance ofSc-3 SSCs administrative control) can result in the fire breaching the glovebox 
resulting in increased radiological consequences to all receptors. 

Failure of the containerfissile material loading mitigative feature can result in additional 
MAR being involved in Case A and a corresponding increase in the radiological dose 
consequences to all receptors. 

Failure of the glovebox criticality limit mitigative feature (an attribute of the Criticality 
SafQ S M P )  can result in the introduction of additional MAR into the glovebox in Case B with a 
corresponding increase in the radiological dose consequences to all receptors. 

Failure of the gloveboxfiltered exhaust ventilation system mitigative feature credited in 
Case B can result in increased radiological dose consequences to all receptors. This system is 
credited as a Safety SSC to maintain the low doses to the MOI. 

0 

Failure of the gloveboxfire suppression system mitigative feature (Case B) can result in 
additional MAR being involved in the fire and a corresponding increase in the radiological dose 
consequences. This system is credited as a Safety SSC to maintain the low doses to the MOI. 

Failure of the confinement area jiltered exhaust ventilation system mitigative feature 
credited in Case B can result in increased radiological dose consequences to all receptors. This 
system is credited as a Safety SSC to maintain the low doses to the MOI. 

Failure of the facility automatic sprinkler system mitigative feature credited in Case B can 
result in additional MAR being involved in the fire and a corresponding increase in the 
radiological dose consequences. This system is credited as a Safety SSC to maintain the low 
doses to the MOI. 

Failure of thefireVcombustible loading control mitigative feature (Case A and Case B) 
can result in additional MAR being involved in the fke and a corresponding increase in the 
radiological dose consequences. 

Failure of the emergency response mitigative features ( ie . ,  inadequate emergency plan) 
The IW scenario can result in additional IW exposure to airborne radioactive materials. 
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consequences may increase to moderate for this event due to the higher consequences associated 
with the longer exposure duration. 

In the situations discussed above, the following defense-in-depth features tend to mitigate 
or prevent the scenario but are not credited in the analysis: 

Fire PhonedLocal Fire Alarm (IW only): Fire phone use activates local fire alarms and 
can reduce IW consequences by providing indication of a fire to facility personnel. Facility 
management may be informed by various alarms or personnel may be aware of the fire and use 
the fire phone. 

Flow A l M i r e  Department Response (Case B: MOI and CW): For fires in areas covered 
by the automatic sprinkler system, flow alarm transmittal to the Fire Dispatch Center can 
lead to scenario mitigation due to Fire Department response. 

Fire PhonMire Department Response (MOI and CW): Firephone communication to the 
Fire Dispatch Center can lead to scenario mitigation due to Fire Department response. 

Fire Extinguishem (MOI and CW): Fire Extinguishers are located throughout waste 
storage areas and are well maintained as required by the Fire Protection S M P .  Use of fire 
extinguishers by facility personnel can mitigate the scenario by extinguishing the fire before 
loss of confinement occurs. Although personnel do not receive hands-on portable fire 
extinguisher training, general training concerning fire extinguisher use is provided during the 
General Employee Training. 

Training (IW only): The IW training program is an additional mitigative feature that can 
reduce IW consequences as a reinforcement of emergency response evacuation guidance. 

I.SDW(IW only): Facility management or other personnel can utilize the U D W y s t e m  to 
reduce IW consequences by announcing the spill to facility personnel. 

11.1.4 Fire Scenario Assumptions 

In the evaluation of the above fire scenarios, assumptions are identified for prevention 
andor mitigation of the accidents. Table 11-4 presents a listing of the assumptions specified in 
the evaluation of fire scenarios. The scenarios to which each assumption applies are listed in the 
table along with the impact of the assumption. The bold italicized text in the Assumption Impact 
column identifies a credited protective feature that is carried forward to the Wmte Management 
Facilities Technical Safety Requirements. 
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Table 11-4 Fire Scenario Assumptions 

LLW containers contain no more 
than 0.5 grams WG Pu equivalent in 
drums and 3grams WGPu 
equivalent in metal boxes. 
TRU waste containers contain no 
more than 200grams WGPu 
equivalent in drums and 320grams 
WGPu equivalent in metal 
boxedSWBs. . . 

Glovebox enclosures contain no more 
than 320 grams WG Pu equivalent. 

Fire extinguishers are available and 
maintained to allow personnel fire 
suppression actions. 
Fires ignited in open TRU waste 
containers inside a glovebox will be 
mitigated by HEPA filtration. 

Gloveboxes will have an operable 
fire suppression system. 

Automatic sprinkler systems are 
located in all mu waste 
confinement areas. 

Glovebox integrity will limit 
propagation of a TRU/TRM waste 
fire. 

Perma-Con and C e l l  integrity will 
limit propagation of a LLW waste 
fire. 

A combustible material and ignition 
soufce control program shall be 
implemented to make fires in areas 
containing staged or stored 
radioactive matexial unlikely events. 

Fire Scenario 3, Case A 

Fire Scenario 3, Case B 

Fire Scenario 3, Case B 

Fire Scenario 3 

Fire Scenario 3, Case B 

Fire Scenario 3, Case B 

Fire Scenario 3, Case B 

Fire Scenario 3, Case B 

Fire Scenario 3, Case A 

Fire Scenario 3 

Sets the potential MAR for the scenario 
impacting LLW containers. 

Container Frssile Material Loading 

Sets the potential MAR for scenarios 
impacting TRU waste containers. 

Container Fusile Mat& Loading 

Sets the glovebox maximum MAR 
CritiCaIity Safdy (cziticality Lima) 

Reduces the c o v m  of fire growth 
Fue Exiinguishers 

Reduces the consequences to all 
receptors. 

Fiiered Exhaust Ventilation system 
Reduces the consequences of fire growth 
within the glovebox 

Glovebox Fie Suppression System 

Reduces the consequences of fire growth 
within the confinement area. 

Automatic SurinRIer Svstem 

Reduces the exposure to the IW, CW and 
MOI from releases. 
Maintenance and Surveillance of SC-3 

SSCs (Glovebox Int&) 
Reduces the exposure to the CW and 
MOI from releases. 
Maintenance and Surveillance of SC-3 

SSCs (Glovebox dntemifvl 
Reduces the likelihood of facility fires 
potentially impacting radioactive 
material to Unlikely. 

Fueucombustible Loading and 
Ignition Source Control 
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The Waste Management Facilities Waste Repackaging Fire 
will develop facility-specific Scenariol,CasesA&B 
Emergency Plans. 

Table 11-4 Fire Scenario Assumptions 

Reduces the exposure to the IW from 
releases. 

Emergency Response 
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0 11.2 SPILLSCENARIOS 

11.2.1 Spill Scenario Development and Selection 

Waste staging, storage, and handling activities are conducted to support RT activities. 
Representative accident scenarios associated with such activities are presented in Section 8,  
Storage and Handling (SH) Accident AnaZysis, and are not duplicated in this section. 

Waste repackaging involves opening either LLW or TRU waste containers, sorting the 
contents, and repackaging the contents into appropriate waste containers. However, treatment 
activities are limit to LLW. Site Closure planning does not currently include onsite treatment of 
TRM waste. U W  containers are usually opened inside a confinement enclosure such as a Perma- 
Con or contamination C-cell. In fact, when the level of radioactivity is determined to be 
sufficiently low, LLW containers may be opened outside of a confinement enclosure. TRU waste 
containers are only opened inside a HEPA-filtered confinement enclosure located in a confinement 
area. Confinement areas are equipped with HEPA filtration (filtered exhaust ventiZation system) 
and are covered by a facility automutic sprinkler system. 

Several types of spills are postulated to occur: (1) spills involving LLW in confinement 
enclosures without credited HEPA ventilation (e.g., Perma-Cons, C-cells), (2) spills involving 
TRU waste inside a confinement enclosure (glovebox) equipped with gloveboxfiZtered exhaust 
ventization system, and (3)spills involving TRU waste outside a glovebox but inside a 
confinement area (e.g. areas withfiltered exhaust ventilation system). 

Plastic materials are used as part of repackaging activities (e.g., waste bags, glovebags, 
etc.). Bagged waste in a Perma-Con or C-cell can be breached by operator error (e.g., puncture, 
drop, fall, etc.) during repackaging activities. Glovebags are used to contain waste during 
transition into and out of gloveboxes. A glovebag can be breached during transition of the waste 
into or out of a glovebox due to an impact or puncture fiom material handling equipment (e.g., 
forklift, drum lifter, etc.) or by operator error (drop or fall) while handling the glovebag. 

0 

Confinement enclosures can be damaged and breached by external and internal initiators. 
External damage to confinement enclosures can occur due to (1) puncture by a compressed gas 
cylinder sent airborne because the valve is accidentally sheared oQ (2) impact fiom overhead 
equipment or structure during a seismic event; or (3) overpressure fiom an external explosion of a 
flammable gadoxygen mixture. Internal damage to confinement enclosures can occur due to 
suspended loads/materials forcibly contacting a confinement structure wall fiom inside the 
enclosure. These same events that can breach a confinement enclosure can also breach bagged 
waste attached to or near a confinement enclosure. 

11.2.1.1 Breach of Bagged Waste 

Bagged waste in a Perma-Con or C-cell can be breached due to operator error 
(e.g., puncture, drop, fall, etc.) while handling the waste (HazmaZneray Source 70. A 
glovebag is external to a glovebox and can be breached due to an impact andor puncture fiom 
material handling equipment such as a forklift or drum lifter (HazardEnergy Source 7A). Two 
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cases are considered for this scenario. CaseA involves a breach of bagged LLW inside a 
Perma Con or C-cell. Case B involves a breach of a glovebag containing TRU waste outside of a 
glovebox, but inside a confinement area. In both cases it is conservatively assumed that the entire 
contents of the bagged waste is involved and subject to release. This spill scenario is anticipated 
and is evaluated M e r  as the representative RT spill scenario. 

11.2.1.2 Breach of Confinement Enclosure by Airborne Compressed Gas Cvlinder 

A confinement enclosure or glovebag can be breached by a compressed gas cylinder 
missile (Hazara7Energy Source 60. If a cylinder valve were accidentally sheared off during 
cylinder handling (changeout), the cylinder would become an airborne missile that could impact 
and puncture a confinement enclosure or bagged waste. This external impact results in release of 
the entire contents of the confinement enclosure or glovebag. This spill scenario is unlikely. The 
Breach of Bagged Waste scenario (Section 1 121.1) involves the same amount of MAR and has a 
higher occurrence fiequency. Therefore, this spill scenario is not evaluated M e r .  

11.2.1.3 Breach of Confinement Enclosure bv Falling Overhead EauiDment/Structural Debris 

A confinement enclosure or glovebag can be breached by falling overhead equipment or 
building structure debris (HazaraZnergy Source 8A) during a seismic event (HazaraZnerrgy 
Source 13H). This external impact is unlike& and results in release of the entire contents of the 
confinement enclosure or glovebag. The Breach of Bagged Waste scenario (Section 11 21.1) 
involves the same amount of MAR and has a higher occurrence fiequency. Therefore, this spill 
scenario is not evaluated further. 

11.2.1.4 Breach of Confinement Enclosure by External Explosion 

A confinement enclosure or glovebag can be breached by an external explosion of a 
flammable gas/oxygen'mixture (HazaruEnergy Source 5B). This external impact is unlikely and 
results in release of the entire contents of the confinement enclosure or glovebag. The Breach of 
Bagged Waste scenario (Section 11.2.1.1) involves the same amount of MAR and has a higher 
occurrence fiequency. Therefore, this spill scenario is not evaluated further. 

11.2.1.5 Breach of Confinement Enclosure bv Suspended Loads 

A confinement enclosure or glovebag can be breached by suspended loaddmaterials 
(HazuraZnergy Sources 7C and 8A) forcibly contacting a confinement structure wall or bagged' 
waste fiom inside the enclosure. This internal impact is unlikely and results in release of the entire 
contents of the confinement enclosure or glovebag. The Breach of Bagged Waste scenario 
(Section 11.2.1.1) involves the same amount of MAR and has a higher occurrence fiequency. 
Therefore, this spill scenario is not evaluated M e r .  

11.2.1.6 ReDresentative S~i l l  Scenario 

The representative spill scenario evaluated for waste management facility RT is: 
0 Spill Scenario 4 - Breach of Bagged Waste 
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11.2.2 Spill Scenario 4 - Breach of Bagged Waste 

This accident scenario is discussed below and is summarized in Tables 11-5 and 11-6. 
Credited protective features identifled in the discussions that follow will be indicated in bold 
italicized text. The RADIDOSE calculations for this scenario are provided after the Accident 
Consequences section. 

Accident Scenario 

Bagged waste in a Perma-Con or C-cell can be breached (by drop or f d )  due to operator 
error while handling the waste (Hazur&Energy Source 7 0 .  A glovebag is external to a glovebox 
and can be breached due to an impact andor puncture from material handling equipment such as a 
forklift or dnun lifter (Hazar&Energy Source 7A). Two cases are evaluated for this scenario. 
CaseA involves a breach of bagged LLW inside a Perma-Con or C-cell. CaseB involves a 
breach of a glovebag containing TRU waste outside of a glovebox, but inside a confinement area. 
In both cases it is assumed that the entire contents of the bagged waste is involved and subject to 
release. This spill scenario is anticipated without prevention. 

Case A involves a breach of bagged LLW inside a Perma-Con or C-cell that does not have 
filtered exhaust ventilation (HEPA filtration). Case B involves a breach of a glovebag containing 
TRU waste outside of a glovebox, but inside a confinement area that has afiltered exhaust 
ventilatiun system. 

A non-lofted plume of unconfined radioactive material is assumed and the spill is analyzed 
as a short duration, 10 minute release. 

Scenario Modeling Assumptions: spill; unconfined material; 1 0-minute duration. 

Accident Freauency 

The scenario fiequency is anticipated because accidents involving material handling 
equipment and operator error have occurred at the Site in the past. 

Scenario Modeling Assumptions: anticipated event 

Material-at-Risk 

Case A: It is assumed that the entire contents of bagged LLW is involved in the spill and is 
subject to release @R = 1). Waste packaging requirements allow up to 3 grams WGPU 
equivalent to be contained in each LLW box, equivalent to the quantities assumed in the bagged 
waste. An administrative control for containerfissile material loading is credited for limiting the 
bagged waste contents to a maximum of 3.0 grams of WGPU. Therefore, the total effective 
MAR for the postulated scenario, assumed to be the waste from one LLW box, is 3.0 grams of 
WG Pu. The material is assumed to be aged WG Pu and Solubility Class W. A leakpath factor 
(LPF) of 0.1 is applied (Ref 9), crediting the confinement enclosure integrity (an attribute of the 
maintenance and surveillance ofsc-3 SSCs administrative control) of the Perma-Con or C-cell. 
Note that if a confinement enclosure with less structural strength is used, this leakpath factor 
would not apply. 
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Case B: It is assumed that the entire contents of a glovebag containing TRU waste is 
involved in the spill and is subject to release (DR = 1). The confinement enclosure criticality limit, 
which is an attribute of the Criticality S u f q  SMP, is credited for limiting the contents of the 
glovebox to a maximum of 320 grams of WGPu. Therefore, the total effective MAR for the 
postulated scenario is 320 grams of WGPu. The material is assumed to be aged WG Pu and 
Solubility ClassW. A LPF of 0.001 is applied crediting confinement area HEPA filtration 
(filtered exhaust ventilation system). 

Scenario Modeling Assumptions: 

Case A: aged WG Pu; 3 .O grams; Solubility Class W DCF; LPF = 0.1; DR = 1 .O. 
Case B: aged WG Pu; 320 grams; Solubility Class W DCF; LPF = 0.001; DR = 1.0. 

Accident Consequences 

Case A: The radiological dose consequences of a spill involving the entire contents of a 
bagged LLW waste inside a Perma-Con or C-cell are low (9.6E-4rem) to the MOI at 1,200 
meters, low (3.4E-4 rem) to the MOI at 2,367 meters, and low (4.7E-2 rem) to the CW. The 
resulting risk class for the scenario is Risk Class III for the MOI at 1.200 m and 2.367 m 
(anticQated fiequency, low consequence), and Risk Class 111 for the CW (anticipated fiequency, 
low consequence). HEPA ventilation is not credited for reducing the dose consequences in this 
scenario. 

For the IW in the RT facility at the time of the s p a  the radiological dose consequences 
are qualitatively judged to be low due to: (1) the limited amount of radiological material that is 
released; (2) the indicators of a spill (e.g., noise) that inform the IW of the event, and (3) building 
emergemy response that directs the M' to evacuate. The resulting risk class for the scenario is 
Risk Class III for the IW (anticipafed frequency, lau consequence). 

Case B: The radiological dose consequences of a spill involving the entire contents of a 
glovebag containing TRU waste in a confinement area are low (1E-3 rem) to the MOI at 1,200 
meters, low (3.7E-4rem) to the MOI at 2,367 meters, and low (5E-2rem) to the CW. The 
resulting risk class for the scenario is Risk Class III for the MOI at 1.200 m and 2.367 m 
(anticipafed fiequency, low consequence), and Risk Class III for the CW (anticipated frequency, 
low consequence). HEPA ventilation (filtered exhaust ventilation system) is credited for 
reducing the dose consequences in this scenario. 

For the IW in the RT facility at the time of the spill, the radiological dose consequences 
are qualitatively judged to be low due to: (1) the iimited amount of radiological material that is 
released crediting the glovebox criticality limit, which is an attribute of the Criticality S a f e  
SMP; (2) the indicators of a spill (e.g., noise) that inform the IW of the event, and (3)  building 
emergency response that directs the IW to evacuate. The resulting risk class for the scenario is 
Risk Class III for the IW (anticipated frequency, lau consequence). 
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N o n - C r i t i c a l i t y  A c c i d e n t s  

TNT Explosion EquiMlent (e) = 
Mass of Mab-k if Applicable (e) = 

Plume Expansion Fa 

I Three I 1.9E-10 3.9E-12 

Spill Scenario 4, Case A, LLW Spill, 1200m 

N o n - C r i t i c a l i t y  A c c i d e n t s  

TKT Explosion Equivalent (e) = 

Respirable Initial Source Term (9) = 3.00E-03 

Spill Scenario 4, Case A, LLW Spill, 2367m 

... 
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I N o n  - C r i t i c a  lity A c c i d e n t s  

W MBteodogy (1-2) 
Breathing Rate (13) = 

.- 

Plume Expansion Fa 

Respirable lnibal Soutm T e n  (9) = 3.2M01 

Spill Scenario 4, Case B, TRU Waste Spill, 1200m 

I N o n  - C r i t i c a  lity A c c i d e n t s  

Ambient Leakpath Factor (not HEPA) = 

Three 20E-07 1.5E-09 
Respirable Initial Source T e n  (a) = 3.20E-01 Four 4.OE-10 2.9E-12 

Spill Scenario 4, Case By TRU Waste Spill, 2367m 
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Table 11-5 Spill Scenario 4, Case A, LLW Waste Spill 

4B (Radioactive Materialslwaste Container) 

Spill involving UW, spill due to operator error (drop or fall) while handling the bagged waste during repackaging activities. Accident owrs  inside Perma-Con or C-cell. 
Effedive MAR = 3 gram of aged WG Pu 

Energy Sources: 7C. (Suspended LoadshUaterialsfinetic energy]) 

RT 
. . . . . . . . . . . . . . . . . . . . 

AC 5.4 
AOL 4 
AC 5.6 

Confiiement Enclosure Integrity 
Container Fissile Material Loading 
Training 

(9.6E-4 rem) 
Low I 

Not 
Applicable MOI Anticipated Anticipated 

(3.4E-4 rem) 
Low I I III 

I I 

cw Anticipated Anticipated Not 
holicable 

I I LOW 

(4.7E2 rem) 
Not 

Applicable I11 Same as MOI 

Con!imement Enclosure Integrity C M 
Container Fissile Material hading C M 

AC 5.4 
AOL 4 
AC 5.5 
AC 5.6 
AC 5.5 

Not 
Applicable 

Not 
Applicable 

Emergency Response 
Training 
LsiDw I 

111 IW Anticipated C M 
D PIM 
D M 

Anticipated LOW 

I I I 
Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without PreventiodMitigation Scenario Frequency/Consequencsk Claps determinations. 

The “without mitigunon” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.& automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the W7hout Mirigation and Wthout R e v & ~ i a t i o n  columns are marked “Not Applicable, ” 
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Table 11-6 Spill Scenario 4, Case B, TRU Waste Spill 

~ ~ l & G z q ~ 1  MOI Anticipated Anticipated 

Moderate LOW I I1 I 
(0.37rem) 1 (3.7E4rem) I I 

I I11 Same as MOI 
High . LOW CW Anticipated Anticipated 

(50 rem) (5.0E-2 rem) 
Glovebox Criticalitv Limit 
Emergency Response I IW I Anticipated 1 Anticipated 1 High 1 Low I I I 111 1 Training 

I LSlDW 

C 
C 
D 

C 
C 
D 
D 

M AC 5.6 
M LC03.4 
P AC 5.6 

M AC 5.6 
M AC 5.5 
M AC5.6 
M AC5.5 

i 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without PreventionlMitigation Scenario Frequency/ComequencdEsk Class determinations. 
The “without mitigation” scenario is evaluated when a facility system can be credited as a mitigative pmtective feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Wuhout Mitigorion and Wdhout Revenht&M@ion columns are marked “Not Applicable. ” 
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11.2.3 Control Set Vulnerability 

No preventive features have been credited in the determination of scenario frequency and 
five mitigative features have been credited in the scenario consequence determination. 

The credited preventive features are: 

1. the confinement enclosure integrity (an attribute of the maintenance and surveillance 
of 16G3 SSCs administrative control) control which allows application of a 0.1 LPF 
for Perma-Cons and C-Cells (Case A: all receptors); 

2. thefirteren exhaust ventilation system control (Case B: CW and MOI receptors) 
3. the containerjissile material loading administrative control which limits the contents 

of the bagged waste to 3 grams WG PU equivalent (Case A: all receptors); 
4. the glovebox criticality limit (an attribute of the Criticality S a f e  S M P )  which limits 

the contents of a glovebox to 320 g WG PU equivalent; (Case B: all receptors) and. 
5 .  the emergency response control (Case A and Case B: IW receptors). 

Failure of the confinement enclosure integrity (an-attribute of the maintenance and 
surveillance of S C 3  SSCs administrative control) (Case A only) mitigative feature would 
increase the leakpath factor to 1 .O and result in higher radiological consequences to all receptors. - 

Failure of the filtered Pxhaust ventilation system mitigative feature (Case B only) would 
result in increased radiological dose consequences to the CW and MOI. The filtered exhaust 
ventilation system is credited as a Safety SSC to maintain the low doses - to the MOI. 

Failure of the containerjissile material loading mitigative feature (underestimation of 
existing container inventory) would result in additional MAR and a corresponding increase in 
radiological dose consequences to all receptors. - 

For Case B, failure of the credited glovebox criticality limit (an attribute of the CriticaZity 
S a f q  SIW) would result in the introduction of additional MAR into the glovebox and a 
corresponding increase in the radiological dose consequences to all receptors. 

Failure of the emergency response mitigative features (ie., inadequate emergency plan) 
could result in additional JW exposure to airborne radioactive materials. The IW scenario 
consequences may increase to moderate for this event due to the higher consequences associated 
with the longer duration exposure. 

In the situations discussed above, the following defense-in-depth features tend to mitigate 
or prevent the scenario but are not credited in the analysis: 

Training (CW and MOI): Operator repackaging training and material handling equipment 
training are preventive features that can reduce the probability that the accident occurs. 
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LLW containers contain no more 
than 0.5 grams WGPu equivalent in 
drums and 3grams WGPu 
equivalent in metal boxes. 
Glovebox enclosures contain no more 
than 320 grams WG Pu equivalent. 

Training (JW only): The W training program is an additional mitigative feature that can 
reduce the IW consequences as a reinforcement of emergency response evacuation 
guidance. 

Spill Scenario 4, Case A Sets the potential MAR for the scenario 
impacting bagged LLW. 

Container F i e  MatericllLoading 

Sets the potential MAR for the scenario 
impacting TRU waste. 

Spill Scenario 4, Case B 

11.2.4 Spill Scenario Assumptions 

In the evaluation of the above spill scenarios, assumptions were identified for prevention 
andor mitigation of the accidents. Table 11-7 presents a listing of the assumptions specified in 
the evaluation of spill scenarios. The scenarios to which each assumption applies are listed in the 
table along with the impact of the assumption. The bold itdicized text in the Assumption Impact 
column identifies a credited protective feature that is carried forward to the Wmte Management 
Facilities Technical Safe@ Requirements. 

Table 11-7 Spill Scenario Assumptions 

~~ ~ ~ 

Spill Scenario 4, Case B Reduces the dose to CW and MOI. 
Fiered Exhaust Ventilation System 

Spills inside a Perma-Con or C-cell 
will be mitigated by the enclosure 
structure. 

~ 

s p a  scenario 4, 
CasesAdZB 

Spills outside of glovebox 
confinement enclosure wi l l  be 
mitigated by confinement area HEPA 
liltration 
The Waste Mauagement Facilities 
will develop facility-specific 
Emergency Plans. 

~ 

Reduces the exposure to the IW from 
releases. 

Emergency Response 

reducing leakpath factor to 0.1. 
Maintenance and Surveillance of SC-3 

SSCs (Confinement Enclosure Integrity) 
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12. WASTE GENERATION (GN) ACCIDENT ANALYSIS 

This section presents the accident analysis for the following fire, spill, and explosion 
accident scenarios associated with GN activities as identified in Section 6.2.5, Waste Generation 
(WG) Accident Scenarios. 

Reserved 

12-1 NSTR-006-99 
RMRS WMF Safe ty  Analysis 

Revision 0 
10199 



GN Accident Analysis 

This page intentionally left blank. 

NSTR-006-99 
RMRS WMF Safety Analysis 

12-2 Revision 0 
10B9 0 

~ 



RA Accident Analvsis 

13. ROUTINE ACTIVITIES (RA) ACCIDENT ANALYSIS 

This section presents the accident analysis for the following fire and explosion scenarios 
associated with RA as identified in Section 6.2.6, Routine Activities (RA) Accident Scenarios, and 
Table 6-4: 

Fire: 
Container (direct flame impingement) 

Facility 

Explosion: 

13.1 FIRE SCENARIO ACCIDENT ANALYSIS 

13.1.1 Fire Scenario Development and Selection 

Waste management facility personnel may use propane or other flammable gas torches 
(Hazaranergy Source 5B) in support of construction and maintenance activities. This type of 
equipment has the potential to directly impact TypeB shipping containers (HmardEnergy 
Source 4A) or waste containers (HmaraZnergy Source 4B) located in a waste management 
facility. Credited protective features identified in the discussion that follows will be indicated in 
bold italicized text. - 

13.1.1.1 Container Fire: Direct Flame Imuingement 

TypeB shipping containers were eliminated from further consideration in this analysis 
because they are stored in vaults andflummable gas use controls restrict the use of propane or 
other flammable gases in vaults while SNM is present. A radiological release due to direct flame 
impingement on a LLW or TRU waste container is bounded by the 1 M W  and 4 M W  facility fires 
analyzed in Sections 8.1.2 and 8.1.3. The facility fires are bounding because (1) one or more 
containers are postulated to be impacted whereas direct flame impingement will only impact a 
single container, and (2) hot work control (an attribute of the fueVcombustible loading and 
ignition source control program) requirements assure that direct flame impingement is an 
extremely unlikely event. 

The only remaining container of interest for this scenario is the POC. It is postulated that 
a flammable gas device is being used in the same room that stores POCs. The containers are 
separated fiom the work area per guidance from industrial safety and the Fire Department. It is 
possible that a worker could fdl off a ladder or suffer some ailment that results in the flammable 
gas device being dropped in the direction of the stored containers. Portable propane gas cylinders 
may be able to roll toward waste containers. Oxyacetylene torches are not likely to roll but could 
fd near waste containers. 

In the case of a POC, a pipe component is located inside a 55-gallon drum. Propane 
torches are most likely to come in contact with containers due to the possibility of their rolling 
when dropped. However, propane torches are unlikely to breach even the outer container due to 0 
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the relatively low temperature associated with the torch in combination with the sigdicant heat 
sink available in the drum. Subsequent breaching of the pipe component is considered to be 
incredible. The combination of hot work control requirements and the unZikeZy breach of the 
container by a propane torch assumption leads to a beyond extremely unlikely event, which is not 
fiuther evaluated. 

Oxyacetylene torches or other relatively high temperature torches would breach the outer 
container of a POC if they came in contact with the container. For the torch flame to be aligned 
in a manner to breach the outer container and then act on the pipe component in a manner leading 
to breach of the pipe is considered to be an unZikeZy if not extremely unZikeZy event without 
intentional directing of the torch flame. The combination of hot work control requirements and 
the unZikeZy to extremeZy unZikeZy breach of both the outer and inner containers by a high 
temperature leads to a beyond exfremeZy unZikeZy event. Therefore, no credible facility fire 
scenarios are postulated dealing with direct flame impingement on waste containers. 

13.1.1.2 ReDresentative Fire Scenario 

No direct flame impingement fire scenarios involving waste containers are further 
evaluated. 
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LLW drum ( 9 P  % UCL 
value plus conservatism) 
TRUPACT 11 SWB or 
metal waste box 
TRU drum 

0 13.2 EXPLOSION SCENARIO ACCIDENT ANALYSIS 

multiple 0.24 grams 

multiple 320 grams 

multiple 200 grams 

13.2.1 Explosion Scenario Development and Selection 

The analyzed explosion scenario is an external explosion impacting multiple waste 
containers due to a localized deflagration of a flammable gas (e.g., acetylene, propane, etc.). The 
MAR values associated with the container types evaluated in the explosion scenarios is presented 
in Table 13-1. 

Table 13-1 Explosion Scenario MAR Values 

I Metal LLW box I multiple I I 
I ~ ~ w d r u m  I multide I 0.5 crams - 1  

TRU drum ( 9 P  % UCL 
value plus conservatism) multiple 

13.2.1.1 External Explosion: Waste Container Storage Area Explosion 

The hazards initially identified in the hazard identification and evaluation process dealt 
with natural gas, propane, and acetylene (Hazaranergy Source SB). Explosions initiated by 
large natural gas sources or a propane source (e.g., a propane tank farm) are considered to be 
facility-specific based on the proximity to the source(s) and are addressed in individual facility AB 
documents. Smaller sources, specifically propane and acetylene gas cylinders used for welding, 
cutting, and brazing, are evaluated in this NSTR. Because acetylene gas has a higher explosive 
yield than propane and is more commonly used in waste management facilities, the external 
explosion scenario is assumed to involve acetylene. 

For explosions involving acetylene gas, transition from a deflagration explosion to a 
detonation explosion depends on the flammable gas mixture, temperature and pressure, size of the 
enclosed r o o 4  and the ignition source. With a powerfbl ignition source, detonation may occur 
upon ignition, even in the open. However, explosions of gases (both lighter- and heavier-than-air) 
and liquid vapors are nearly always deflagrations and are seldom detonations (Ref 2 and 56). 
Detonation explosions of fuel/& mixtures can potentially occur under the following restrictive 
conditions: (1) the fbeVair vapor cloud must nearly fill, or be confined by, the closed volume it 
occupies; (2) the fueVair mixture must have a concentration within the detonable range; and (3) a 
highly energetic ignition source must initiate the explosion (Ref 57). The ignition energy required 
to initiate a detonation is usually many orders of magnitude greater than that required to initiate a 
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deflagration (Ref 58). For acetylene, the minimum ignition energy to ignite a detonation is 5.3 kJ 
(propane ignition energy is 210 kJ). An electric arc in a shorted 50-to-75 horsepower motor may 
be sufficient to ignite an acetylene detonation. For waste management facilities, it is assumed that 
such an ignition source may be present; however, the remaining two conditions must still be met 
in order to have a detonation. For the situations of concern within a facility, the most likely mode 
of combustion of a fuel/& mixture is a deflagration. 

Combustion of acetylene, whether it is a deflagration or detonation, can occur only when 
the concentration is within the flammable range, which is between 2.5% and 81% by volume. 
Acetylene cylinders come in various sizes up to 300 ft3. Assuming that one cylinder or 300 ft3 of 
gas is released and mixed uniformly with an entire room volume, the maximum room size that 
would result in an acetylene gas concentration exceeding the lower explosive limit of 2.5% is 
12,000 ft3 (300 ft3 i 0.025). An acetylene gas explosion inside a waste storage area room with an 
enclosed volume of 12,000 ft3 or less can result in a confined deflagration rather than an 
unconfined deflagration. A confined deflagration will result in a greater maximum overpressure 
condition that can potentially result in container failure. To prevent a confined deflagration from 
occurring, the use of flammable gases in waste storage areas smaller than 12,000 ft3 is prohibited 
as part of the flammable gas use administrative control. Crediting the flammable gas use 
administrative control, flammable gas explosions in waste storage areas less than 12,000 ft3 are 
not further evaluated. Individual facility AB documents will iden* specific rooms that are 
affected by theflammable gas use administrative control. 

In waste storage areas greater than 12,000 ft3, the combustion process will be limited to a 
localized &/acetylene *e within the flammable range. It is reasonable to model explosions in 
larger rooms as unconfined deflagrations based on the largest volume of a flammable &/acetylene 
mixture being approximately 12,000 ft3 (based on the lower flammability limit and 300ft3 of 
acetylene). When a volume of gas or vapor in air deflagrates in an unconfined space, only a small 
fiaction of the energy in the cloud actually contributes to any resultant damage (Ref 59). This 
fraction is referred to as the yield factor. 

Table 13-1 shows the estimated effective MAR values for waste containers that may be 
involved in this scenario. These MAR values are used to determine which container types to 
evaluate M e r  in Section 13.2.2 as the representative explosion scenario for RA. 

13.2.1.2 ReDresentative Explosion Scenario 

The representative explosion scenario evaluated for waste management facility RA is: 
Explosion Scenario 2 - External Explosion in Waste Storage Area 
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13.2.2 Explosion Scenario 2 - External Explosion in Waste Storage Area 

This accident scenario is discussed below and is summarized in Tables 13-4 and 13-5. 
Credited protective features identified in the discussions that follow will be indicated in bold 
italicized text. The RADIDOSE calculations for this scenario are provided after the Accident 
Consequences section. 

Accident Scenario \ 

It is postulated that a 111 150 ft3 acetylene cylinder ruptures releasing its entire contents 
into a waste storage area (room) that has a volume greater than 12,000 ft3. A release fiom a 
150 ft3 acetylene cylinder is postulated based on previous analyses performed for the 
Building 371/374 Complex, which are discussed in subsequent paragraphs. A release of acetylene 
gas can occur as a result of cylinder failure (e.g., manufacturing deficiency), damage to the gas 
cylinder (e.g., toppling/dropping of cylinder, kinetic energy, puncture), or damage to ancillary 
equipment (i.e., cylinder valve, regulator, relief device, hoses, torch, etc.) during construction or 
maintenance activities. 

Following the release, it is assumed that the gas mixes with room air to form a localized, 
flammable &/gas mixture. The flammable &/gas mixture only lasts for a limited period of time 
due to continued mixing. While the flammable mixture is present, it is postulated that an ignition 
source (e.g., electric power system, HazaraEnergy Source 5E) ignites the acetylene to produce a 
unconfined deflagration within the room. The MAR for this analysis is the entire radiological 
inventory in the waste container storage room where the explosion occurs, packaged as either 
LLW or TRU waste. 

A conservative engineering analysis (Ref. 60) calculated that a deflagration of 150 ft3 of 
acetylene in a hermetically sealed enclosure with a volume of 18,085 ft3 will yield an overpressure 
of approximately 22psig, which is equivalent to the external static compression pressure 
determined to be necessary to cause failure of metal waste drums. However, because the 
acetylene is dissolved in an acetone carrier, the release process will be relatively slow. The 
deflagration of the entire container content is unlikely to occur without sufficient dispersion (due 
to the duration of the release) to prevent flammability of a large fiaction of the total. Therefore, a 
conical jet fiom a 1-inch orifice is modeled consistent with Site methodology. 

The length of the conical jet is estimated to be 16.7 feet based on the fact that “100-fold 
dilution will be achieved by jet action alone within a distance of 200 nozzle diameters.” The 
quantity of acetylene released is approximately 10% of the total content, or 15 ft3 fiom a 150 ft3 
cylinder. The release is determined to be contained within a conical jet with a volume of 141 ft3. 
The mixture concentration is therefore 10.6%, which is well within the flammable range. The 
resultant overpressure fiom the deflagration explosion would be approximately 0.31 psig for a 
room volume of 105,000 ft3, 0.78 psig for a room volume of 49,500 ft3, and 3.3 psig for a room 
volume of 12,540 ft3. The overpressure will occur virtually uniformly throughout the room as the 
explosion evolves. This overpressure is much less than 22 psig and is not sufficient to produce lid 
failure of 55-gallon drums. The analysis in the Building 371/374 Complex BIO concludes that a 
15 ft3 release of acetylene into a room with a volume greater than approximately 12,000 ft3 would 
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result in an overpressure that does not exceed 3.5 psig (which is the peak overpressure judged to 
be a reasonable internal criterion to ensure that damage within the Building 371/344 Complex 
would be localized). However, it is conservatively assumed that some of the exposed metal waste 
containers are breached because of impacts with debris resulting fiom the explosion overpressure 
effects. 

This explosion scenario is modeled as a 10 minute release. A ground-level (non-lofted) 
release of the radioactive material is assumed. Two cases are evaluated, one each for medium and 
substantial construction facilities. There is no source of heavy falling debris in the light 
construction facilities or open storage areas. 

Scenario Modeling Assumptions: spill; confined material; 10 minute duration, non-lofted 
plume. 

Accident Freauencv 

The postulated accident scenario is judged to be extremely unZike& because it requires: 
(1) the fdure of the acetylene cylinder or associated plumbing; (2) acetylene mixing with room air 
to form a flammable air/gas mixture; and (3) introduction of an ignition source. The flammable 
mixture will only exist for a limited time due to continued mixing, which could be enhanced by 
active ventilation (an expected condition even though not credited, since one condition for 
welding is that general ventilation be established per HSP 12.1 1, Welding, Cutting, and Brazing). 
The likelihood of this scenario is primarily defined by the following conditions or assumptions 
made in the analysis: 

The breach of flammable gas containers used in the performance of activities must be an 
unlike& event due to container resistance to impacts (an attribute of the ; and 
A hot work control program (an attribute of thefueVcombustibZe loading and ignition 
source control administrative control) shall be implemented for the waste management 
facilities to make flammable gas explosions in areas containing staged, stored, or in-process 
radioactive material unlikely events. 

Inherent in the likelihood determination is the resistance of the metal waste drum (an 
attribute of the container integrig administrative control) to overpressure events requiring at 
least 22 psig overpressure to result in container fdure. 

0 

Scenario Modeling Assumptions: extremely unlikely event. 

Material-At-Risk 

An unconfhed deflagration of 150 ft3 of acetylene in a waste storage room (with a volume 
greater than 12,000 ft3) results in a peak overpressure less than the 22 psig required to breach a 
metal waste container c r e d i ~ g  the container integrity control. This overpressure is not 
sufficient to rupture metal containers and it is also hmEicient to topple stacked containers 
because the overpressure is essentially uniform throughout the room (i.e., the pressure will be 
exerted on the containers from all sides). 
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The waste containers stored in waste management facilities are impacted by the 
overpressure event due to falling debris (e.g., overhead equipment, W A C  ducts, etc.) that can 
fall onto exposed containers and lead to a breach of some containers. This scenario is postulated 
to occur only in medium or substantial construction facilities. There is no source of heavy falling 
debris in the light construction facilities or open storage areas. There are no medium or 
substantial construction waste management facilities that exclusively store LLW; therefore this 
event would involve a combination of LLW containers, TRU waste containers, and POCs. 
Because of the MAR difference and similar container strength of LLW and TRU waste drums, the 
TRU waste drums bound any release fiom LLW drums. In addition, the radiological material 
inventory is assumed to be composed of only TRU waste drums rather than a mixture of POCs 
and TRU waste containers. This is conservative because POCs are more resistant to breaches 
than TRU waste containers, and analysis of the POCs indicates that they are not susceptible to 
breach from falling material unless they are impacted on the side. Since no waste containers are 
expected to topple, the impact on exposed containers will be on the top of the container. Even 
though the amount of MAR that can be packaged in a metal box/SWB is more than for a 
%-gallon drum (320 grams versus 200 grams), the 55-gallon drum is assumed to be the container 
type impacted in this scenario because of (1) the large scale of the event, (2) the number of TRU 
waste drums that can be stored in the same footprint as a metal box/SWB (at least 6 drums), and 
(3) the fact that the majority of TRU waste is packaged in 55-gdon drums. 

Very few ceiling htures in waste storage areas have sufficient mass to penetrate drums 
when dropped fiom the ceiling. The approach taken in the evaluation of a seismic event 
(see Section 8.4.2, W H K E  Scenmio I - DBE Event-Induced Spill) will be used to assess the 
conservatism of the container breach assumptions. The Beyond Design Basis Earthquake 
(BDBE) event analyzed in Section 8.4.3, A P H m  Scenario 2 - BDBE Event-Induced Spill, 
assumes more ceiling damage than that expected to result fiom an acetylene explosion. A similar 
methodology to that used for evaluation of the earthquake caused spill scenarios will be used here 
to estimate damage ratios for this facility explosion scenario. 

Due to the similar damage associated with a facility explosion and a DBE event 
(i.e., falling overhead objectsho facility structure collapse), the damage ratio for substantial 
construction facilities is the same as derived in Section 8.4.2. It is assumed that 10% of the 
exposed drums in the facility will be impacted by falling objects. This value represents one-fifth of 
the damage associated with a BDBE event in which structural failure of the facility occurs and 
50% of the exposed drums are impacted by falling objects (e.g., overhead equipment, structural 
supports, etc.) as discussed in Section 8.4.3. The same ratioing can be utilized to determine a 
damage ratio for an explosion in a medium construction facility. Medium construction facilities 
have less suspended overhead objects than substantial construction fadties because the main 
support beams (to which these objects are attached) generally cover about 7% of the facility floor 
space (Ref 61). Applying the same ratio used above, only 1.5% of the exposed drums in medium 
construction facilities will be subject to the falling debris during a facility explosion. 

0 

0 

Of the drums subjected to falling debris, it is assumed that 10% of the drums are breached 
to the point of losing confinement of radioactive material contents (i.e., penetration of drum and 
internal packaging). The 10% value is also based on engineering judgment and takes into account 
the strength of the drums (i.e., warte container integrity control) and the types of overhead 
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materials that may f d  (i.e., limited amount of heavy, penetrating overhead objects). Based on 
these assumptions, the damage ratio is 0.15% (1.5% x 10%) of the exposed drum inventory for 
medium construction facilities and 1% (10% x 10%) of the exposed drum inventory @e., drum 
lids exposed to the ceiling) for substantial construction facilities. 

Two cases are evaluated: Case A involves a total of 12,000 TRU waste drums in a 
medium construction facility, and Case B involves a total of 12,000 TRU waste drums in a 
substantial construction facility. For the purposes of this evaluation, it is assumed that all of the 
waste drums are stacked four high so that the number of drums stacked on the top tier is one 
fourth of the total number of containers. The number of exposed drums will differ for each 
facility due to unique stacking arrangements. 

Case A: 3,000 exposed TRU drums on upper tier (medium construction fadty)  

Case B: 3,000 exposed TRU drums on upper tier (substantial construction facility) 

The above drum count assumptions are not restrictions on facility or room inventories or 
stacking arrangements, but are used here to model a representative facility explosion scenario. 

The majority of TRU waste drums at the Site contain less than the 200 grams WG PU 
containerfisile material loading limit. Because this scenario is postulated to impact a large 
number of drums, it is appropriate to use the 9 5 ~  percentile upper confidence limit (UCL) gram 
loading value for waste containers at the Site plus some conservatism to account for uncertainty 
and fluctuations in the Site container gram loading. The 95* percentile UCL for the Site as of 
June 1998 is 95 grams WG PU per TRU waste drum (Ref 49). Adding 20% conservatism, the 
95& percentile UCL becomes 114 grams WG Pu per drum, which was used in the evaluation of 
this scenario. The 95* percentile UCL value will be reviewed on an annual basis and updated as 
necessary. For purposes of the SESLJSQD process, a higher value than the 95& percentile UCL 
of 95 grams WG Pu but less than the more conservative analyzed value of 114 grams WG Pu will 
not constitute a reduction in the margin of safety. By using this approach, there is no need for 
establishing facility MAR limits. 

The effective MAR for this facility explosion scenario is determined by the following 
equation: 

Effective MAR = # of exposed drums x facility damage ratio x container MAR 

The effective MAR for the two facility construction can be determined as shown below. 
The effective MAR values for both cases are presented in Table 13-2. 

Medium construction facilities: 

Effective MAR = # of exposed drums x 0.0015 x 114 g WG Pu 

Substantial construction facilities: 

Effective MAR = # of exposed drums x 0.01 x 114 g WG Pu 
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Table 13-2 Effective MAR Values for Explosion Scenario 2 

A 
B 

3,000 342,000 513 NIA 
3,000 342,000 NIA 3,420 

Case B: 3,000 exposed drums; aged WG Pu; 342,000 grams (using a 95* % UCL 
container loading value); Blended DCF; DR = 0.01 (substantial construction facility). 

Accident Consequence 
- 

Case A: The radiological dose consequences of the explosion-induced spill involving 
3,000 exposed drums in a medium construction facility are moderate (0.12 rem) for the MOI 
@ 1,200 m, low (4.1E-2 rem) for the MOI @ 2,367 4 and moderate (5.6 rem) for the CW. The 
resulting risk class for the scenario is Risk Class 111 for the MOI @, 1.200 m IW (extremely 
unlikely fiequency, moderate consequences), Risk Class IV for the'MOI @ 2.367 m (extreme& 
unlike& frequency, low consequences), and Risk ClassIII for the CW (extreme& unlike& 
frequency, moderate consequences). 

Case B: The radiological dose consequences of the explosion-induced spill involving 3,000 
exposed drums in a substantial construction facility are moderate (0.77 rem) for the MOI 
@ 1,200 4 moderate (0.27 rem) for the MOI @ 2,367 4 and high (37 rem) for the CW. The 
resulting risk class for the scenario is Risk Class 111 for the MOI @ 1.200 m and 2.367 m 
(extreme& unlike& fkequency, moderate consequences) and Risk Class 11 for the, CW (extreme& 
unlike& frequency, high consequences). 

For the IW located in the vicinity at the time of the event, a facili6 explosion could result 
in death or serious injury due to blast effects and the heat and flame associated with the 
deflagration. There is the potential for the IW to inhale radioactive material being lofted by the 
spilled containers following the explosion but the IW would have to remain in the vicinity of the 
accident. The radiological dose consequences to the IW that is in the vicinity of the explosion are 
qualitatively judged to be high for both cases due to (1) the very high likelihood that the IW is 
incapacitated by the explosion and unable to exit the area (i.e., the IW receives higher radiological 
consequences since they are unable to evacuate), and (2) the moderate amount of radiological 
material that is released. The resulting risk class for Case A and Case B is Risk Class 11 to the IW 
(extremely unlike& frequency, high consequences). 
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I N o n - C r i t i c a  l i t y  A c c i d e n t s  

7)= 

. . - 

Explosion Scenario 2 - Case A; Radiological Dose Consequences; 1,200 m 

I N o n - C r i t i c a l i t y  A c c i d e n t s  I 
XlQ Met~mlogy (1-2) 
Breathing Rate (1-3) Heavy Activity 

Gmfined Mat 
W 

Descnte Scenano 
Mass of Ma* if Applicable (a) = 

PlumdRelease Dutaoon ( 

Vmim 13 

DoseCanversion 
wective MAR, lndu 

I Three 22E-08 1.E-10 
Respirable Initial Source T m  (a) = 5.13132 Four 4.5E-11 3.3E-13 

Explosion Scenario 2 - Case A; Radiological Dose Consequences; 2,367 m 
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Explosion Scenario 2 - Case B; Radiological Dose Consequences; 1,200 m 
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Ambient L e a b t h  Factor (Not HEPA) =I I.OOE+OO One 3.7E-02 27E-04 
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Explosion Scenario 2 - Case B; Radiological Dose Consequences; 2,367 m 
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Table 13-3 Explosion Scenario 2: Case A - Explosion in Waste Storage Area (Medium Construction Facility) 

4B (Radioactive MaterialslWaste Container), and 5B (Thermal Energy/Flammable Oases) 

Explosion involving 3,000 exposed TRU waste drums; flammable gas explosion in room creating falling debris that breaches waste drums 
Effective MAR = 5 13 grams of aged WO Pu (0.15% damage ratio, 1 14 grams container MAR); accident occurs in a medium coIlstruction wade management facility 

[energy sources] 5C (Hot Work), 5E (Eledric Power System), and SH (Transport Vehicles) 

[most likely] W S H ;  [less likely] CC. CR, RT, ON 

P 
P 
M 
M 
M 
P 

AOL 9 
AOL 8 

AOL 9 
AOL 4 
AC 5.6 

AOi  1 

C 
C 
C 
C 
C 
D 

8 1,200m 

Moderate 

Hot Work Control 
Container Integrity 
Flammable Oas Use 

111 I 0.12rem 
Not Extremely 

Unlikely 
Not Container Fissile Material Loading 

Applicable MOI Anticipated Applicable 

Low 
4.1E-2 rem 

Not Moderate 
Applicable 5.6 rem 

High Not 
Applicable 

II 
‘ I  

cw Anticipated 111 Same as MOI Extremely 
Unlikely 

Extremely 
Unlikely 

Not 
Applicable 

Not 
AppIicqIe I 

I’ , 

Flammable Gas Container 
Hot Work Control 
Container Integrity 
Flammable Gas Use 
Container Fissile Material Loading 

Emergency Reqonse 
Training 

C 
C 
C 
C 
C 
D 
D 
D - 

P 
P 
M 
M 
M 

P M  
M 
M - 

AOL 9 
AOL 8 
AOL 1 
AOL 9 
AOL 4 
AC 5.6 
AC 5.5 
AC 5.5 

ii 1w Anticipated 

Notes: Underlined Credited Protective Features are included as inherent and credited controls in the Without PreventionlMitigation Scenario Frequency/Consequen&sk Class determinations. 
The “without mitigation’.’ scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the Wuhouf Mitigarion and Wuhout Reve&dUi@@on columns are marked “Not Applicable. ” 
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lW 

Flammable Gas Container C P AOL 9 
Hot Work Control C P AOL 8 
Container Integrity C M AOLI 
Flammable Gas Use C M AOL9 
Container Fissile Material Loading C M AOL4 
Training D P/M AC 5.6 
Emergency Response D M AC5.S 

I1 Extremely Not Not 
Unlikely Applicable High Applicable 

Notes: Underlined Credited Protective Features are included as inherent and credited controls inthe Without PreventioniMitigation Scenario Frequency /Consequen~  Class determinations. 
The “without mitigution” scenario is evaluated when a facility system can be credited as a mitigative protective feature (e.g., automatic sprinkler system, HEPA filtration, etc.). When a facility system 
cannot be credited, the W7houf Mitigation and Wdhouf Rev&nhUitig&n columns are marked “Not Applicable. ” 
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13.2.3 Control Set Vulnerability 

Two preventive features have been credited in the determination of the 'explosion scenario 
fiequency and four mitigative features have been credited in the scenario consequence 
determination. 

The credited preventive features for Cases A and B are: 

1. the administrative control that assures flammable gas containers (an attribute of the 
flammable gas use administrative control) are unlikely to be breached during use (all 
receptors); and 

2. the hot work control program (an attribute of the fiteVcombustible loading and 
ignition source control administrative control) that requires a program be 
implemented for waste management facilities to make flammable gas explosions in 
areas containing staged, stored, or in-process radioactive material unlikely events (all 
receptors). 

The credited mitigative features Cases A and B are: 

1. the containerfissile ntaieriaI loading administrative control of (all receptors); 
2. the administrative control that prohibits the use of acetylene in rooms of less than 

12,000 ft3 (an attribute of the flammable gas use administrative control) (all 
receptors); 

3 .  the container integrity administrative control (i.e., cannot be breached by an explosion 
peak overpressure less than 22 psig) (all receptors); 

4. the emmgency response administrative control of an (IW only). 

Failure of the flammable gas containers preventive feature (inadequate design, failure to 
meet DOT specifications) could result in some cylinder breach events becoming anticipated 
events. 

Failure of hot work control program requirements (control of ignition sources, fire 

Failure of the container fissile material loading mitigative feature (higher MAR 

watches, etc.) could result in some events becoming anticipated events. 

containers) would result in additional MAR and a corresponding increase in radiological dose. 

Failure of the flammable gas use control that prohibits the use of acetylene in rooms of 
less than 12,000 ft3 could result in increased overpressure effects resulting in increased MAR and 
a corresponding increase in radiological dose. 

Failure of the container integrity mitigative feature (potential breach of containers from 
explosion rather than just fiom debris) could result in additional MAR and a corresponding 
increase in radiological dose. 
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TRU waste containers contain no 
more than 200 grams WG Pu 
equivalent in drums and 320 grams 
WG Pu equivalent in metal 
boxedSwBs. 
The 9 P  percentile UCL gram 
loading value for TRU drums is 
appropriate for facility explosions. 

Failures of the emergency response mitigative feature (inadequate emergency plan; one 
frequency bin reduction due to sensibility of evacuation and standardized guidance) could result in 
additional IW exposure to airborne radioactive materials. 

In all situations discussed above, the following defense-in-depth features tend to mitigate 
or prevent the scenario but are not credited in the analysis: 

Explosion Scenario 2 Sets the MAR for determining the 
bounding container t y p  postulated for a 
facility explosion. 

Container Firssile Material Loading 

Explosion Scenario 2 Sets the total MAR for the facility 
explosion scenario. 

4 

0 Training (all receptors): IW training is an additional mitigative feature that can reduce IW 
consequences as a reinforcement of the emergency response evacuation guidance. Operator 
training is an additional preventive feature that can potentially reduce the likelihood of 
damage to flammable gas cylinders and associated equipment or the buildup of flammable 
gases. 

0 LJ%DW(IW only): Facility management or other personnel can utilize the Ls/IDWsysfenz to 
reduce IW consequences by announcing the facility explosion to facility personnel. 

13.2.4 Explosion Scenario Assumptions 

In the evaluation of the facility explosion scenario, assumptions are identified for 
prevention andor mitigation of the accident. Table 13-5 presents a listing of the assumptions 
specified in the accident evaluation. The scenario(s)/case(s) to which each assumption applies are 
listed in the table along with the impact of the assumption. The bold italicized text in the 
Assumption Impact column identifies a credited protective feature that is carried forward to the 
Waste Management Facilities Technical Safety Requirements. 

Table 13-5 Explosion Scenario Assumptions 

A hot work control program shall be 
implemented to make flammable gas 
explosions in areas containing 
staged, stored, or in-process 
radioactive material unlikely events. 

Explosion Scenario 2 

Explosion Scenario 2 

Limits the MAR associated with facility 
explosions to containers breached by 
falling debris versus direct explosion 
impacts. 

Reduces the likelihood of facility 
explosions potentially impacting 
radioactive material by one frequency 
bin. 
Fuevcombustible Loading and Ignition 

Source Control - Hot Work Control 

Container Integrity 
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RA Accident Analysis 

The use of flammable gas in room 
of less than 12,000 d is prohiiited. 

.- .. 

Table 13-5 Explosion Scenario Assumptions 

Explosion Scenario 2 

Waste Management Facilities will 
develop facilty--speclfc Emergency 
Plans. 

Explosion Scenarios 2 

rooms greater than 12,000 d shall 
be limited to 150 d. 

Limits the MAR associated with facility 
explosions to containers breached by 
falling debris versos direct explosion 

Flammable Gas Use - Prohibiting the 
Use of Flammable Gas in rooms of less 

impacts. 

than 12,ooojP 

Limits the MAR associated with facility 
explosions to containers breached by 
falling debris versus direct explosion 
impacts. 

Flammable Gas Use - Flmnmable 
Gas Inventory 

Reduces the exposure to the LW to 
releases. 

Emmencv Response 
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14. DERIVATION OF TECHNICAL SAFETY REQUIREMENTS 

14.1 INTRODUCTION 

The Waste Management Facilities Technical Safety Requirements (T,S&) (Ref l), 
provided as a stand-alone document, with applicability to specific RMRS waste management 
facilities. Requirements are established to define the conditions, safe boundaries, and 
Administrative Controls (ACs) necessary to assure safe operations and reduce the risk to the 
MOI, CW, IW, and the environment from an uncontrolled release of hazardous materials. The 
Waste Management Facilities TSh ,  hereafter referred to as simply TSRs, are a consolidated set 
of controls, with each individual control applicable to one or more waste management facilities 
depending on the facility mission and the activities performed within the facility. There are four 
types of controls used to provide this assurance: Limiting Conditions for Operations @COS), 
Surveillance Requirements (SRs), ACs, and Design Features. An applicability statement and/or 
matrix is provided for each individual control that identifies the controls that each waste 
management facility must implement and maintain. 

This chapter derives the TSRs and identifies the operational controls defining the safe 
conditions based on the safety analysis presented earlier in this NSTR Compliance with the 
TSRs ensures that the health and safety of the MOI and CW are protected from an uncontrolled 
release of radioactive and hazardous materials, and ensures that potential risks to the IW are 
reduced based on the implemented controls. 

In addition, this chapter establishes the bases for the selection of LCOs, SRs, ACs, and 
Design Features. The TSRs were selected and prepared in accordance with DOE 5480.22, 
Technical Safety Requirements (Ref 6) and the Document of Eumple Technical Safety 
Requirements, Volume I (Ref 62). 

0 

14.2 TYPES AND DERIVATION OF REQUIREMENTS 

14.2.1 Limiting Conditions for Operations 

LCOs are imposed on safety-related structures, systems, and components (SSCs) credited 
in this NSTR to reduce the frequency of postulated accidents or mitigate the consequences of 
postulated accidents to the MOI and/or CW. LCOs provide the lowest functional capability or 
performance levels of safety-related SSCs and their support systems, and are required for normal, 
safe operation of waste management facilities. Table 14-1 correlates specific, credited safety 
features identified in the safety analysis to the appropriate TSR LCO. Waste management facility 
LCOs address the following systems: 

0 Automatic Sprinkler System (facility) 
Glovebox Fire Suppression 
Filtered Exhaust Ventilation System (facility or waste repackaging confinement area) 

0 Glovebox Filtered Exhaust Ventilation 
Criticality Alarm System (fbture) 
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14.2.2 Surveillance Requirements 

SRs are requirements relating to testing, calibration, or inspection to assure operability of 
safety-related SSCs and their support systems. This section of the TSRs contains the 
requirements necessary to maintain operation of waste management facilities within applicable 
LCOs. In the event that SRs are not successllly completed or accomplished within their 
specified fkequency, the systems or components involved are assumed to be not operable and 
required actions defined by the LCOs are taken until the system or components can be shown to 
be operable. 

SRs for each system or component identified in a specific LCO are provided subsequent to 
. the LCO. The SRs add assurance that those systems add components that the safety.analysis 
credits for prevention of postulated accidents or mitigation of postulated accident consequences 
will perform their intended functions. 

14.2.3 Administrative Controls 

ACs are credited in the safety analysis to help assure the safe operation of waste 
management facilities. The six ACs listed below are fkom the Adminisirative Control Template 
developed by Kaiser-Hill for use in developing Site, Hazard Category 2 Nuclear Facility TSRs 
(Ref 63). 

0 Organization and Management 
0 Inventory Control and Material Management 
0 Control of Combustible Materials and Ignition Sources 

Maintenance and Surveillance of SC-3 SSCs 
Emergency Response 
Safety Management Programs (SMPs) 

Each of the above ACs consist of credited programmatic elements. Additionally, some of 
the ACs provide discrete controlsflimits that have been credited in the safety analysis. These 
specific controls or restrictions, referred to as Administrative Operating Limits (AOLs), are 
credited as providing a reduction in postulated accident scenario hitiation frequency andor a 
reduction in postulated accident scenario consequences. Such controls are more precise and 
discrete than those defined by a S M P  or the program elements of a S M P .  The ACs with specific 
controls or restrictions have verification requirements and requirements for actions following 
discovery of a noncompliance with the control or restriction. Examples of ACs with specific 
controls or restrictions include: Inventory Control and Material Management (AC 5.2) and 
Control of Combustible Materials and Ignition Sources (AC 5.3). Table 14-2 correlates specific 
administrative controls credited in the safety analysis to the appropriate TSR AC. 

14.2.4 Design Features 

Design Features are passive features that reduce the frequency and/or mitigate the 
consequences of uncontrolled releases of radioactive or other hazardous materials from waste 
management facilities for the postulated accident scenarios analyzed in this NSTR. Design 
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Feature descriptions are provided in the TSRs to assure that evaluations of proposed changes or 
modifications to the Design Features are properly performed and documented, consistent with 
requirements specified in the TSRs. An example of a Design Feature credited in this NSTR is 
confinement enclosure (gloveboxes, Perma-Cons, C-cells, etc.) structural integrity that prevents 
fires in cohement  enclosures from impacting waste containers in the adjacent waste storage 
areas. Maintenance of Design Features is addressed in the TSRs in Section 6,  Design Features. 
Table 14-1 correlates the Design Features specifically credited in the hazard and accident analysis 
to the TSR Design Feature. 

0 

14.3 TECHNICAL SAFETY REQUIREMENTS COVERAGE 

This section lists the features identified in this NSTR that are needed to provide MOI, 
CW, and IW safety, or significant defense-in-depth. The definitions used throughout this NSTR 
in determining the control feature are as follows: 

MOISafety: Those features that have been determined to be essential to assuring public 
safety related to immediate fatalities or serious injuries, or that maintain the consequences of 
facility operations below an established evaluation guideline. These features are identified as 
System Category (SC)-1/2 SSCs if the MOI could sustain moderate or high consequences, 
depending on scenario frequency. 

CWSafety: Those features that have been determined to be essential to assuring worker 
nuclear safety related to immediate fatalities or serious injuries, or that maintain the consequences 
of facility operations below an established evaluation guideline. These features are identified as 
System Category (SC)-1/2 SSCs if the CW could sustain moderate or high consequences, 
depending on scenario frequency. 

ZWSafety: Those features that provide protection to the IW from the hazards of facility 
operation, exclusive of standard industrial hazards. Worker safety features include both facility 
SSCs and administrative features. SSCs that are major contributors to worker safety are 
designated as SC-3 SSCs. 

Defense-in-Depth: Those features that provide an additional layer of defense against 
release of hazardous materials to the environment. Defense-in-depth features include both facility 
SSCs and administrative features. SSCs that are major contributors to defense-in-depth are 
designated as SC-3 SSCs. 

Table 14-1 lists all of the controls concerning waste management facility SSCs identified 
during the hazard evaluation and accident analysis presented in this NSTR This table describes 
the credited control and the safety feature being relied upon for that control. The control feature 
designated as public or collocated worker safety (MOVCW), immediate worker safety ow), or 
defense-in-depth (DID), as defined above, or any combination of these features. The control type 
is designated and identifies the system category of the credited control (i.e., SC-1/2 or SC-3). 
The TSR control column provides the linkage to the TSRs to indicate control coverage. And 
finally, the accident scenario column provides the linkage to the accident scenario where the 0 control is credited. 
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SQ AC 5.4 All Scenarios 

Table 14-1 Waste Management Facility Controls, Safety Features, and TSR Control 

n e  safety function of automatic sprinkler systems is to mitigate 
Ihe effects of the fue and to Drevent SH and RT fues h m  I I I I Fire Scenario 2 - Case B 

Fire Scenario 3 - Case B SC1/2 I LC03.1 I Au:omatic Sprinkler System propagating into a larger fire. &tomatic Sprinkler systems (with 
few exceptions) are located in all TRU waste storage areas. ’ The safety function of automatic glovebox fire suppression 
systems is to provide mitigation of RT fires inside the glovebox as 
well as preventing a fue from propagating outside the glovebox 
and potentially aKecting nearby waste containers. 

Fire Scenario 3 -Case B 

SG”2 I w03.2 I J J Glovebox Fue Suppression System 

Maintenance and Surveillance of SC-3 SSCs 
(Fiie Extinguishers) 

Fire Scenario I 
sc-m AC 5.4 Fire Scenario 2 

Fire Scenario 3 

Fire extinguishers can be used by facility personnel to prevent a 
small f i e  from propagating into a larger fire in waste storage J 

The safety function of flow alarms is to provide an alarm to the 
Central Alarm Station (CAS) and Fire Dispatch Center (FDC) to 
indicate a fire in sprinklered areas of waste management facilities. 
Receipt of the alarm will provide notification to the Fire 
Department, initiating Fire Department response to extinguish the 
fue and mitigate any fire related impads. 

Fire Scenario 1 
Fire Scenario 2 
Fire Scenario 3 

Mainfenance and Surveillance of SC-3 SSCs 
(Flow AlardFiue Depahnent Response) 

J J SClD LC03.1 

Fire scenario 1 
Fire Scenario 2 
Fire Scenario 3 

Fire phones provide direct communication to the FDC assuring 
F i e  Department response, which can minimize the duration of a 
fire in the waste storage area. 

Maintenance and Surveillance of SC3 SSCs 
(Fire PhondFue Department Response) 

J J J 

Fire phones provide an alarm (fue bells inside the facility) to 
notify personnel inside waste management facilities to evacuate 
resulting in reduced IW consequences. 

J Fire scenario 1 
Fire scenario 2 SC-3 I AC 5,4 I Maintenance and Surveillance of SC-3 SSCs 

(File PhondFue Department Response) 
J 

- 
J 

Facility management or other personnel can utilize the U i D W  
system to reduce 1W consequences by providing indication of 
fires, spills, and explosions to facility personnel. 

J Maintenance and Surveillance of SC-3 SSCs 
ww) 

~ 

Fiered Exhaust Ventilaiwn System 
The safety function of HEPA filtration systems is to provide 
HEPA filtration of exhaust ventilation fhm waste storage areas to 
reduce the consequences to the MOI and CW. 

Fire Scenario 3 -‘Case B 
SC-1/2 1 LC03.3 I Spill Scenario 4, Case B J J 
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Table 14-1 Waste Management Facility Controls, Safety Features, and TSR Control 

Glovebox Faered Exhaust Veddion 

Design Features (Building Strucfure). 

Maintenance and Surveillance of SC-3 SSCs 
(Confuremen! Endosure Integrity) 

T h e  safety finction of glovebox HEPA filtration system is to 
provide .HEPA filtration during normal repackaging and 
treatment operations as well as during small fues inside the 
glovebox that are mitigated by the glovebox fm suppression 
system. 

The safety finction of exterior walls is to reduce the impact on 
radioactive waste containers from structural impads caused by 
NPH and facility explosions. These include high winds, 
tornadoes, wind driven missiles, atmospheric pressure changes 
heavy rain, heavy snow, a i r d  crash, and seismic events. 

J 

- 

J 

The safety hction of confinement enclosure (Perma-Cons, 
C-cells, and gloveboxes) integrity is to prevent RT fues fiom 
breaching confiiement enclosures and impacting nearby waste 
containers. For RT spills in Perma-Cons and Gcells a reduced 
LPP can be credited. 

'MOI/CW (Public and collocated worker Safety), DID (Defense in depth feature), WS (immediate. worker safety feature) 

J 

- 

SCll2 Leo 3.4 Fire Scenario 3, Case B 

I I 

Design 
FeatUte SG3 NPH Scenario 1 

NPH Scenario 2 

AC 5.4 Fire Scenario 3 
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14.4 ADMINISTRATIVE CONTROLS 

14.4.1 Introduction 

This section identifies the administrative controls that ensure administrative safety 
functions necessary for safe waste management facility operations. It builds upon the 
identification in the safety analysis of the preventive and mitigative administrative safety features 
necessary to protect the MOI, CW, IW, and the environment, or that provide sigdicant elements 
of defense-in-depth. This section also identifies the administrative controls that ensue the 
administrative safety features identSed in the hazard and accident analyses, including those 
applicable to all postulated accident scenarios @e., assumed initial conditions). The 
administrative controls identified are contained in the TSRs. 

14.4.2 Identification of Administrative Controls 

The safety analysis assumption tables in this NSTR identify the administrative safety 
features considered signtficant for waste management facilities. These assumptions provide the 
broad set of administrative controls considered for accident prevention andor mitigation, and 
fiom which the safety features specifically credited for reducing the risk of an accident to 
acceptable levels are derived. The administrative controls providing these safety features are 
captured by Table 14-2. 

Table 14-2 correlates administrative safety features identified in the hazard and accident 
analyses to the administrative controls ensuring the conduct of those safety functions. The first 
column of the table presents the credited control as derived fiom the safety analysis. The second 
column identifies the safety feature@) of the credited administrative control. The third column 
provides a cross-reference to the TSR ACs. The fhaI column provides a cross-reference to the 
scenario in which each administrative control is credited. This column identifies the specific AOL 
in the TSR ACs. 
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Table 14-2 Credited Administrat- / e  Controls Matrix 

Container Integrity 

Waste containers. including POCs and Type B 
shipping containers, received at and stored in waste 
management facilities shall meet on-site 
transportation requirements. 

Vented Containers 

Container Fusile Material Loading 

The maximum inventory (WG Pu equivalent) per 
container is as follows: 

- LLW 

55-Gallon Drum = 0.5 grams 
Metal Box = 3 grams WG Pu equivalent 

TRU Waste 

55-Gallon Drum = 200 grams 

Metal BodSWB = 320 grams 

POC = 1,255 grams 

I AOL 1 Reduces the likelihood ofmetal waste container fminduced lid loss associated with expected fues to 
Beyond Extremely Unlikely. 

Reduces the likelihood of breaching metal waste containers by falls less than four feet to Unlikely. 

Reduces the likelihood of breaching metal waste containers by forklift tine impacts to Unlikely due 

Reduces the likelihood of breaching metal waste containers by non-forklift tine impacts h m  

to impact angle requirements needed to lead to failure. 

material handling equipmentto Unlikely. 

to Beyond Extremely Unlikely due to impact angle requirements needed to lead to failure. 

Reduces the likelihood of breaching a Type B shipping container or POC h m  structural member or 
falling object impacts to Beyond Extremely Unlikely due to impact angle requirements and weight 
needed to lead to failure. 

Reduces the likelihood of breaching metal waste Containers by an external explosion peak 

Reduces the likelihood of breaching a Type B shipping container or POC fbm forklift tine impacts 

overpressure less than 22 psig to Beyond Extremely Unlikely. 

expeded during storage and handling operations to Beyond Extremely Unlikely. 

o Sets  the number of waste containers that will be breached in an aircraft crash. 

0 Reduces the likelihood of breaching a Type B shipping container or POC f b m  any external fues 

Reduces the likelihood of breaching metal waste containers by intemal hydrogen explosions to 
Extremely Unlikely due to metal waste container venting. 

Sets the potential MAR for SH spill and fm scenarios impacting LLW , TRU waste containers, 
including POCs. Note that the 9Sh Percentile UCL container inventory (plus 20% conservatism 
factor) is used to model seismic and facility explosion scenarios. 

o Sets the potential MAR for the RT spill and fue scenarios impacting U W  containers. 

o Sets the MAR for determinin g the bounding container type postulated for seismic and facility 

. 

explosion scenarios. 

AOL 3 

AOL 4 

Fire Scenario 1 
P i e  Scenario 2 
Spill Scenario 1 
Spill Scenario 2 
Spill Scenario 3 
NPH Scenario 1 
NPH Scenario 2 

Explosion Scenario 2 
Aircraft Crash Scenario 1 

Explosion Scenario 1 
~~ 

All scenarios 

Revision 0 
10/99 

1 4-7 NSTR-006-99 
RMRS WMF Safety Analysis 



Derivation of TSRs 

Table 14-2 Credited Admd;trative Controls Matrix 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Container Stacking (Banding) 

Waste dnuns stacked above the second tier will be 
landed. 

Inventory Control and Material Management 
hogram - LiquidF in Waste Rohibited 

Waste containers to be stored in waste management 
facilities shall not contain liquids. 

FiieUCombuslible Loading and 
Ignition Source Control 

A combustible material and ignition source control 
program shall be implemented. 

Attributes of combustible material control include: 

high heat release rate combustible material 
restrictions; 

no wooden c r a h  in internal waste storage 
areas; 

combustibles have fivefoot separation from 
waste containers 

Attributes of ignition source control include: 

restrictions on smoking in facilities; 

hot work permits 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Preserves the assumption that a drop/fall of banded waste drums (stacked above the second tier) in 
Jperational spills or seismic-induced spills results in the equivalent release of material of one waste 
h m .  

Reduces the likelihood of intemal hydrogen explosion3 in containers to Exfremely Unlikely by reducing 
h e  potential rate of hydrogen generation andor metal waste container vent plugging. 

Reduces the likelihood of fires and flammable gas explosions in areas containing staged, stored, or 

Reducesthe likelihood of metal waste container fieinduced lid loss associated with expected fires to 

in-process radioactive material to Unlikely. 

Beyond Ekfremely Unlikely. 

BeyondErrremely Unlikely. 
Reduces the likelihood of container- to-container f i e  propagation associated with expected f i  to 

Reduces the likelihood of seismic-induced fies to Beyond Exfremely Unlikely. 

Preserves the assumption that fm will not propagate beyond a confimement enclosure for RT f i e  

Reduces the likelihood of breaching metal waste containers by died flame impingement of a gas 

Reduces the likelihood of fies larger than 4 MW occurring in a waste management facility are 

scenarios. 

torch is a Beyond Extremely Unlikely event. 

Beyond Ektremely Unlikely. ' 

AOL 6 

AOL 7 

AOL 8 

Spill Scenario 1 
Spill Scenario 2 
Spill Scenario 3 
NPH Scenario 2 

Explosion Scenario 1 

Fire Scenario 1 
Fire Scenario 2 
Fire Scenario 3 
NPH Scenario 1 
NPH Scenario 2 

Explosion Scenario 2 
Aircrafl Crash Scenario 1 

.;"' RIvlRS WMF Safety NsTRa 



Flammable Gas Use 

A flammable gas use program shall be 
implemented. 

Attributes of flammable gas use promam include: 

flammable gas inventory in rooms of less 
than 12,000 l? is prohibited; 

flammable gas inventory in rooms greater 
than 12,000 ft3 shall be limited to 150 d; 
flammable gas inventory in vaults while 
SNM is present is prohibited. 

Criticality Safely (criticality Lima) 

Glovebox enclosures contain no more than 
320 grams WG Pu equivalent. 

Ra-n Rotedon 

The Wade Management FacilitiA will comply 
with the Radiation Protedion program. 

Life Safely/Disaster lVarning (LY/Dw) System 

Emergency Response 

Wade Management Facilities will develop facility- 
specific Emergency Plans. 

Derivation of TSRs 

Table 14-2 Credited Administrative Controls Matrix 

Reduces the MAR associated with facility explosions to containem breached by falling debris versus 
dued explosion impaots. 

Preserves the assumption dired flame impingement fues are BeyondErtrernely Unlikely 

Sets the potential MAR for the RT fue and spill scenarios impacting TRU waste in a glovebox 

Reduces radiological exposure to the IW in SH spill scenarios. 

Reduces radiological exposure to the IW. 

Reduces radiological exposure to the IW. 

Prevents exposure ofthe IW to snow load-induced facility collapse. 

AOL 9 Explosion Scenario 2 

Fire Scenario 3 
Spill Scenario 4 AC 5.6 I 

AC 5.6 
Spill Scenario 1 
Spill Scenario 2 
Spill Scenario 3 

AC 5.5 All scenarios 
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14.5 TSR DERIVATION 

The TSRs were developed as a result of the hazard evaluation and accident analysis 
processes presented in this NSTR. The process used to develop the TSRs is depicted in Figure 
14-1. There are four inputs to the TSRs: (1) recognized controls, (2) credited controls, 
(3) derived controls, and (4) Site management controls as defined below. 

Recognized Controls were identified during the hazard identification step of the safety 
analysis. Recognized controls helped to determine whether identified hazards could be 
characterized as standard industrial hazarb, requiiing no further evaluation, or as hazards 
requiring further evaluation. Recognized controls are typically covered by the Safety 
Management Programs (SMPs) that enhance defense-in-depth and worker safety and are not 
usually driven by the individual accident scenario evaluations. Examples of recognized controls 
include drum handling equipment design and health and safety practices addressing control of 
such equipment. 

Credited Controls are those controls specifically identified and credited during evaluation 
of postulated accident scenarios. Credited controls include LCOs (and associated SRs), Design 
.Features, and ACs that support the accident scenario fiequency and consequence assumptions 
presented in the accident analysis tables. Examples of credited controls include the Automatic 
Sprinkler System and control of combustible materials and ignition sources. 

Derived Controli are any additional controls that were identified during evaluation of the 
accident scenarios. Derived Controls M e r  reduce the risk of the postulated accident scenarios 
fiom what is presented in the accident evaluation section. Derived controls are similar to credited 
controls; the distinction between these types of controls deals with the point in the analysis where 
the control is defined. An example of a derived control is the Filtered Exhaust Ventilation 
System. ' 

F d y ,  Site Management ControZs help assure the continued implementation and 
maintenance of the TSRs. Examples of Site management controls include Organization and 
Management, Configuration Management, Quality Assurance, Training, and Nuclear Safety. 
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From Hazard 
IdentScation 

RECOGNIZED 
CONTROLS 

From Evaluation of 
RiskDominant 

Accident Scenarios D-D 
CONTROLS 

LCOs, SRs, Design Features, and 
ACs, that provide additional risk 
reduction as necessary 

S M P S  that provide worker 
Safety & Defense-in- 

TECHNICAL SAFETY 
REQUIREMENTS 

Depth 

CREDITED 

From Accident 

Evaluation 

LCOs and associated SRs 
0 DesignFeatures 

ACs 

.:.:.:.:.:.:.:.:.~?,~.~:.: :*:::*;x:kz:s:: .............................. . . . . . . . . , . . . . . . . . 
i 

SITE 
MANAGEMENT 
CONTROLS 

0 Organization 
0 Roles, Responsibilities, a d  

Authorities 
Quality-=, 

0 RecordsManagement, 
0 Configuration Management, etc. 

Figure 14-1 Development of Technical Safety Requirements 
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